;opgr stuve3e77$762T4YY381 JANUARY 2004 - 1 NON HOMOGENEQUS SYSTEMS FOR THE
RESOLUTI ON OF ENANTI OVERI C M XTURES  TECHNI CAL FI RLD OF THE | NVENTI ON The
present invention relates to a process 5 for the biocatal yst-nediated
enanti osel ective conversion of enantioneric m xtures of hydrophobic esters
using a biphasic solvent system Mre particularly, thgqpgaReRRly 2db4ention
relates to the enzyne-nedi at ed enanti osel ective synthesis of anti 10 viral
conpounds, such as 2-hydroxynet hyl -5-(5fl uorocytosin-1-yl)-1, 3-oxat hi ol ane
(FTC) and its anal ogues, in a non-honogenous reaction syste OF
THE |1 NVENTI ON Serious obstacles to commercially viable 15 pN&‘M@WMWt he
enzymatic resolution of enantioneric mxtures of hydrophobi exl st
For exanple, when using an enzymatic conversion process in the rﬂﬁé‘é‘ence of
an organi c solvent, the rate of enzynme inactivation is very hi

to the sanme process 20 perforned in an aqueous solvent. A commgmmgﬁ ‘Emlm
problemis that solvents which are | ess destructive to the ¢

often less able to solubilize the nore hydrophobic substrates. | teespry,
many processes woul d 31 JANUARY 2004 - 2 Dbe nore efficient if they were
performed in mare hydrophobi c sol vents, such as non-m sci bl e organic

sol vents. One goal of the present invention is to provide a non-honogenous

system which allows higher 5 concentrations of hydrophobic substrates to
be converted to product, while simultaneously consum ng | ess catal yst. The

above-cited obstacl es nmust heNYRMOREREDDS OfTerEMY Foeduee t he cost of
produci ng enantiomeric 10 migyITaoN oy ERANTIOMERICMIXTOREGS are vital

towards wi nning the struggle to conquering energing viral diseases. For
exanpl e, even today, the rate of H V infection continues at a staggering
pace, wth 16,000 new i nfections per day worldwi de [Balter, M Science 15
280, 1863-1864 (1998)]. There are areas of sub-Saharan Africa where at

| east 25% of the population are infected, for exanple in Botswana and

Zi mbabwe. The cost of anti -W&Eﬂ%tly far beyond
the reach of rmst such vi q&ierrprefseiﬂtVimv&:et:aldxprrelaﬁeuuebe@spd@c@nal ogues,
such as 3'thi )(bofuran t 0Si

ns
3' -azido-3' de xy ox(éﬂf‘?#yfél %??P%téd ﬁxra&t;ibéele&giv% E., Littler,
D., Row ands, D. ¢oﬂ'vgdsail®, ofl eAntbiigmenic Thixtayes BEOBYSEPRhob ¢
Publ i shers Li mi t %.)9 :92% glbthlg s HaAX Evathhlor RoBe- t hi acyti dine
eoxy-

("FTC') and 2 hiacytidine are inportant antiviral agents

[Liotta, D.C. ZlBﬁrtm%Y'oﬁéP R/E%??’nb 1%%%Ireéﬁ5ﬁ1ss¥?y D&stract,
Boston, MA, AugUéﬁzﬁae?-%nedli%&d bhaﬁgiod;eiéctﬁd aypehekiE ofLamtia, D.C , 30

Koszal ka, G YV., Burns, and ghem 1992, 57
5563- 5565] . X%chﬁﬁé]fb"& OWRRet & e§8 Q%Z% ngmxﬁ?“e{ﬁ’ﬁg né an anti-HBV drug
and FTC is underfm@mmoam-akﬂbrleiiwwthmaa@ diFT@ht pnd 8Ys JANUARY 2004
- 3 viral drug £ %\?es,Dig a A6HLRERS eﬁ%us’: rea%‘%QOQ"Qgst%t&’ Uni ted
States patents 5, 210 85, 5,700,937 and , 639a . Sxnce ~.t is the (-)
enantionex of bath (-) -.FTC and (-) -2' , 3' -di deaxy-3"' -thiacytid~. ne,

wr ~ch5exhi bits the nost pot entw t hel east toxicity.

as conpared to the corres pr g need for
ef fi ci ent cost-effective %%trﬂ g éP;B?ég%? a'isq o%ongl\‘e%l%%%?y VE%%QFTCand
(-)-z'rS -di d8oxpreessad fopt itenenzywatic tesaiidoenl Ofr enanthoneiptd ons of
patients throug 216 g;;% i onal
Meet ~r _g, Med-~. E&?#Sﬁ%em sh(era*RB?dr’%%te%%@"t oelr%i(;t, @Séus éj% 1998;
Hoong, L. K., Str\alhg@ ugig arue@waatbccconmimwﬁreonﬁs BBrABe C L., and
Schi nazi, ﬂre.@ﬁ)ce %%15¥883ic53®1\5§£5§ 5t§fé ﬂat@@f Eﬁﬂpﬁé ase enzynes

have been used f t heresol ut~. on of FTC esters 5&‘@ Strange,
L.E.,Liotta, D C Pa%’s‘é%ﬁiwél ig VeryphigR relat 1V3ar¥d’s | Fé’i‘?lpr%:e J.
O g. Gem 1862, péﬂfoﬁ&&B-i&Efai Jaquaehﬁp@dlmms merwmpuhdmageprokbbem

devel opi ng pract 2y i_at C SE% r oduct i onof
FTC and sim | ar % n%cPso V&S wﬁ% % gee#;ﬁﬁéss ﬁfvgheg gpti on of
t he | i pases havecatahydiowegie oxfmleneiabkeabbetttce d:ulpthds.liczeemermunent

(W62597?/ 4445, La X -

(1.995), MIton, *8@962?*?31’%55*35%&8 fra}?é{%% winy, b 5’8?%@5‘3@%‘2? 1996) ,
Brand et al., Cheni cal Abstract s 1271 20), abstract #[ 278395 (11997)).
Secondthe solubility of many FTC esters is aqueous nedia is30too |low to
achi eve econom cally viable production ofresol ved product. One possible
sol ution has beer toadd a water m scible co-organic solvent to increase

t heconcentration of the ester in solution. Rn exanple isthe use of

sol utions 31 JANUARY 2004 - 4 of acetonitrile and water [Hoong, L.K
Strange, L.E., L|otta D. C., KosZ2al ka, (iVV Burns C L., and Schi nazi ,

A NN N = AN s —- . oa S — . ————



and water solution increases the concentration of substrate in solution, it
l'i-as the unfortunate effect of drastically |lowering the-enzyne catal yzed
conversionand enzyne stability This problemis especiallylOpronounced,
where the substrate is not conpletel ydi ssol ved, but is gl as an
uridi ssol ved sol i dJsuspensi on (high concentration of suﬁgrﬁﬁyg&ﬁ§gab4

| oading)-'Simlar results were obtained in our |aboratory. Wen. water

m sci bl e organi ¢ sol vents such as isapropanol, 15dl net hyl f or mram de ( DVF),
1-met hyl - 2-pyrrolidi none, di met hyl sul f oxi de_(LI M5O, nethanol,

acetonitrile, ethanol, 1-propanol were uséd as co-solvent for theresol ution,
the maxi mal supstrate concentration | oadi ngwas 38. The presence of

undi ssol ved subsl iala2.J4geienapers LRIl Beekerhih! yn Sk t he

substrat econcen I'on Was e ond 3 Fur nnre use awat er m scible
or gani ¢ sol venthygrprlebdic §QﬂM9F@ﬂr s riGe AOPANIL BASD LS 9&%@?1%150|ble

organi ¢ co-Sol vehi gl eaher gwﬁnoﬁoc%&%e%eﬂtomﬁueﬁeﬂoﬁeggtwe I npact
on25enzyne activity, especially fo orci ne I|ver esterase(PhE) . The

(
present i nventllbﬁ?P‘éﬁféﬁ:lafln@é‘FWm%@]ﬁ? vy siePer 4PicRsphLtPES REIhSte art that
had the effegt @cﬁnceﬂw‘dﬁlwseazynmmpmﬂﬁ@i uhb@mraf:esna@txb@rreri c m xtures
30 unecononical _First was _t hought s mat i Y 2 oul d be
per for med under %Yﬁ)’b%er%&é) ggﬁg’ilfgons ecasuémeJL %FB égﬁﬁ&ét?%% rresult in
poor reproduci bléss watSdersiti.otta et al., united States patents 5) B27, 727,
5 892, 25 5 OL4, 33l abBLSOfred HhslANOEa00e Sveblided S at es

Pat ent 4,800162 wherein an activated aced nbrane 1s proposed to separate
aqueous and or gRFRer dehFesesesEh eo‘FFéStdetferﬂrPélpcéBQaﬁPé@El?’B?rjf%e use of

nog hormgengus 3 @%Mi@ameﬂr@g§ﬂhaﬂﬁﬂﬁcﬁu§@| ubelhvzaamtbwﬁrd&e f
substrate resu iin a,non enous syste a_higher,concentration o
many hydr ophobi % %'Eﬁdiq §t683? accoélcﬂ’f\%dgfge mef’?f‘%‘l’ YHt%he present
invention, it vwda:lsséﬁeaaved‘omhaxampb@hcﬂvesnlt‘@dﬂws theurdtbecfivi®itled, because
t hese sol vents 4%%%@5‘%’&%2%%@8 ‘ﬁl‘cl %Itta%g%triﬁb paygl t@gt§t%qgoooatents

5,827,727, 5, 89 e present - a-nvention Is an advance
over the art beR@Wisknfactdoasi PrEafiay WrdhAwide fBal Fﬁéf We BFieR%hol

sol vePts vvhghgh immm?@mgqmggw BysSt®igrenalrl webak, ofnsﬂliB-%aqlcartarpn the]c
use of non-honogenpus sol ven ubilization o
mor e hydr ophobi ’é%fb%t‘ﬁ'ﬁr saﬁlh; gg?%&b? t@'@o%ggé'ggiér ew%usl y in the

art. This is inicfettedt fioo exhwplerihditsapaseeiandt Rdnbabwer at®hd tself is

made nore water n 2 N flwRensed |e{19 Re1aagEeous
-conponent (\al Icg&a E‘anti q%lrglt(glit:ﬁé{:@Pargient 5, Q5! r r% Iezu?t hernore, the

pr esent mvenUW%‘%cﬂ%é@a&hpPBc’B%%t vﬁﬂ(ﬂh"rl&t’j&F‘Fegfl ¥ LpEstelger unit
of product. 28ddi tional i ncQeestaEsawclogiag suaht Be 35-present invention

perm { she use of Seueral, 2Leglel opolyenlsd nalloensy Ty L prgcess. In

addition, the p p ovides an al f'ernative proceéss node,
wher ei n enzyne deakytlgauidineol(R&Hl [RIpdr dhentDarhye Guvtﬁe\ﬂgheomoed by the

addi ti on of sur fﬁ%?&g 30ngwghbg IShe ﬂrs%&qgt hlnvﬂm:h%rﬁld' rected to

provi ding a nore ‘i ent’ enzymatic process whi'ch maintains the
enant i osel ect i vihgrapy a BiOh Scdentific Fukjldgbexe Rdpdted, a1l 98K £F

DESCRI PTI ONp 6F T1 P& D%“-Wd\i%oﬁ bene1 doddape tdilacdeRbhe Rhm") and

enant i osel ect| ve COﬂVGI’SI on. aria enantioneri C formof an,epantioneric

m xture of FTC %ut%r'a‘ijéiec%yt"ﬁe shiacyelddiriiats Adrorkashi enbi¥bft and the
desired nonr acegg@nwtmm&QMVBRd CflaEHEn,d;g\I\ﬂ\{lﬂdﬂxlee}mQ@ent invention is

directed to sev rrpove nts_in e for u0|n iral,
nonl0 racenic e@?a i Ft"cﬁ?? ac?rﬁ sﬂfﬂ'%?@nt g 9}18 di rect ed
to providing anlsm)r G’chhq)race:ss Str&ige],AI‘]lumRY Zﬂ.@utta 6D.Ct hat uses a
bi phasi ¢ no %_sr,t | oy, [ to,resol v
enant i orrerig mago% C’ gg{lggg’ %99 aﬁ%@&%&‘xgiﬁﬁcr{és?éf s‘? The
invention is fuorbercmiaem edsed,t 57 npsey-ciitils. Wi-akk akkolvekngh

marketed as both an anti-HIV and an anti-HBV drug and

FTC is under clinical trial for evaluation as an anti-



5 substrate | oading and consune reduced anounts of enzyne. A first inproved
process according to this invention provides for dispersing an enantioneric
m xture of an ester in an organic solvent systemto 10 produce an organic
conponent at a high substrate |oading. An aqueous conp efiN UERPrZP&ded and
preferentially contains a dispersed hydrol ase enzyne. ternative
hydrol ase enzynme can be added to the £ntire non-honogenous systemor |ess
preferentially to 15 the organic conmponent. The process further requires
contacting the organi c conponent and the aqueous conponent to forma
non- honbgenous systmssl dmderdLéonthi ifs  Weicbhnper miR- B-he angdshati of- of the
mxture to produosg 2 i sRAfak 3G L3 @LopNE5 A MM UREAN and0 al cohol .
o)

The conbi nati on t he oreﬂanl C conponent and aqueous co ogﬁnh gﬁ ?na
non- honogenous sy%t &2 Usi nélﬁc?ﬂoht Heidendus SORREHR Pgtte
substrat e concent yafTOE@re)passi bl ddaxyeie -~ehbacyniitne afherxht he
reaction is cagrigd gut.  the ghl Ez{m@&g: ra?]me‘?.”\/ﬁrg? gégie‘;ugprgmaugﬁenay be

i solated fromthe organlc conmpone chiral non-racem c al cohol
conpound nay be i 3®%aE SePHYGRYY haS aGRRRAREL SPpSRENEOTTRRPINBI i(8h ~st eps
may vary, dependi pgoRérd henHeadet uﬁuhaﬁ*ﬁﬁwm@eanﬂoﬁmidm& c38cFhi s

i nvention al so proy $€ts+ an alth‘ Eﬁnat8 rocq:ﬁ%g ?@tbg{{}?d&&es( IR Eved
h n

results by drastiga yne fequired for produci ng
a given product. Su@h(Th'p?O\Férrelmiepsy'a%'mfemmydﬂ-he neeme F Dricofex@grtact ant

to said non- h@ﬁDQ@ﬂ@é}ﬁm@dﬁtmions%fJﬂ&m\ésZQ@&outgaoﬁfoﬂwa«md nproved
neR- honbgenous syi%é&%%gt%req#&%g %gs&e aari Qdese% M%g é](_)ll‘é{pl |ize the
o)

substrate. In ano Y Oh “Provi process using
a | ower ed organi cChamnestphdstracte, Bmmrn ﬁ@eulﬁpsuisﬁ &3T%|?t h’e‘-’rgsr«eductl on

in the required hydefbase.€NZsfrankd, anot herL@ytkadi neot, okodfdxkd,nventi on,
addi tion of surfat o the st em pe s 10 nhancenept_of .e

reaction rates an ett%’fr%sdl &3%'1 |'2§P$ %épb# %s?\’g‘té SH| éﬁ%r ?h%}’bs of
reaction resulls i A982) ob®r BH&A-BSIES@nzyMe costs for operating the process.
DETAI LED DESCR! PTI ON OF TH'%«AAWWE&%A@ L s hideopbEn desaric an

terns are defined as foll ows: ei n_nol ecul e geguch as a

hydr ol ase enzyme. TERGWBFERR %) &g:ee§§?g?a§%%°m-br&t a8e8 “AARIF p% Y. 20
Chiral conpound - Liartanpdudd tHestzaikapof-Bupdpesablelon a08 mirror i nage,

and usual 'y cont alsgglﬁgzgsym rig. cgg?oncﬁé,ﬁ)mlgly}er &f oggsgl.gg@gent gr oups
are attached t% gme carbon. Co-so
he “BP

ani ¢ sol vent
Conversion -- & LBENEP XM n§OURVEhantq c?{]fé’rei- PAPgt BFRC B?c%npounds
with a catal yst wenehmermediarers chesingl erereedsemdiori mhe arddfdéeiemt

chemi cal entity. Rgsabper Eﬂaﬁéﬁurlazskgfnﬁghﬁ@@r SFitJhﬁtt %ryarBthéo related as
mrror reflections of one an

% g g A ﬂ_ asl bUth gﬁ the enzyne
or enantioneric m%é'f“gsrra‘f‘ép?a‘f ﬁr‘?"Fﬁ t%‘fﬂ"v hiEhordaPases. JRRVARRE SR04 - 8
enzyne may be in ttheugbenvolnarahlessioi thedbephysie enpranmentinmdbe| i zed

enzyme, of Solzhl @ynaKas, BATbAE SRNANL] ONEIAR, MRdsill GoERY he750beRES o

contain residual p@ g%g The di sg e system contain up to 5
three phases with g9 d %étéﬁ’ﬁ?@'aﬁ 8t 'p s and two
different liquid pl2adés, abEnmadt ifS382- (1p86) s Brferst erte@ilsonghenibal are
mrror reflection M Ow‘?SZO)A” agg%ggbgngﬁ—,g@gloa%qr po??ggﬁdon its

mrror inmage. Ena MELS, are st er eol soners er_only in

how t hey react wt I ul a t rd
%%@ﬁéﬂbehm °#rﬁ‘r”é’é' FEE gAEeTH %’heﬁ‘%“"f?é’r? \ﬂe&* ot

pl ane pol ari zexb | itgit loBepar atkievarddonorssaldy avbah e prcwetdbnpolfari zed

light in equal butrHpRQYIL B §ggﬁg{;ti 0N ﬁ?“gggien q{gge@uxefo 15

di stingui shed by the R and esignati o an et her e pl ane

pol ari zed |ight i 5a%taaf“é&efomi'?l‘élg‘?]i°gm°'€a'€ﬂ‘?8r5?%1\'?/‘“{ 89 *ﬁcrte&SFhEhFeft

(l evorotatory (- ))corErwﬂrlamlIBnl o6 expe e tey LA Soluxiene (Aolaxanple ak two

enanti onmers where ant, O present to a greater extent, the

solution w |l display o%[ ?’E:fa g?éfja l'|15c2)n (+ or - rotation) correspondl ng to

the enantionmer which is present in excess. Enantioneric excess is the

percentage of the enantioner found in excess over that of the racemc

m xture and is 25 calculated as follows: (specific rotation of the m xture)
(specific rotation of the pure enantioner) X 100 = enanti oner excess.




Enantioneric mxture -- a mxture of two 30 enantioners. Enantioselectivity
:-- a preference for 'converting one enantioner froman enantioneric

m Xt ure) 31 JANUARY 2004 ¢ FTC butyrate -- refers to an enantioneric

m xture of the conpound 2',3'- - di deoxy-5' -butyrate- 5f|u%ﬁqﬂﬁuA§waﬁd4ldlne
or, using alternative ! . nonenclature t he conpound is

2- butyryloxynethyl 5-(55 fluorocytosin-1-yl)-1, 3-oxathi ol ane or, |ess
formally the 5 butyrate ester of - 4 -

2- hydr oxynet hyl - 5- 5f|uoroc¥t05|n 1wy oxat hi ol ane. Inconpletely
wat er - ni sci bl ~ or ¢¥nig€esopvehtie éFﬁﬁnlﬁo%%QvéﬁanMn chapgenck-Ful iy
sol uble in 10 watigrotata, 25CC apdkd spaisanoB- RopoPeres Sal.yt kads with water.

not conpletely honD e syst a_bi r|S|ng a
bi ocat al yst, or g%cihc 5‘3%]5 Réﬁt’ “? 3%]805%8%0ﬁ5@2t5 Csfjmgséég]béggg
non- honobgenous sysitcamamey 25. allsuﬂwl rSefaeeaeuatmasﬁ,aﬁﬁomﬁmmgenous medi um

or a non- homogenqus:R! thenudd o raomm%@sma@aemwmﬂﬂd QB1vEhgani c
sol vent system--_a solution géo e or nore of fo Ilomnng

sol vents: O -Ce Zﬁ“ﬁﬁ?ﬁﬁ§t??ﬁ?§ﬂghl 9€§I65ﬁ0?%“°%ﬂ?ﬁﬂ§9 8s°fket one
ethers, nitro, haubstdexse {or selutitat,i e tohgantbe suhfearttunasecle fdsct est - anyl

al eohol | so- anylq ) by Begt Aploned eagpgene;tafyﬁbéa 2flve 23 B4t anol

tertbutanol., 3-net 3 pentan ent an
et hyl - 3- pent anol , 208 REFVEROFT 2Pt tefre, Tﬁ&?y?ﬁe oF L5 i fRGIEHANe,
nitronethane,ldiqﬁﬁqnumnabuanenenettnd subshuwtyb ketﬁwmécdﬁuNHxhay sul fi de,

st f ol ane or anycﬂig}g 1Vt Eel; rgota?%lé ?QO/& % sscgcalv%doggilg c

sobvent which fa I'tates t di sso enan 1omeric m X
wi t hout destroylrﬁP%Hﬁ?%éﬁ?yﬁBiShaﬁRHGQP$fPeiPBn@§|%WP5¢¥ﬁRﬁnL98ﬁ#%9bre -- an
equi ol ar m xt ur eSiofi faxo resabt i owmeErs okadaanekinonnoas Petdeaidrgy .nowhékrcati on,

usual Iy produced @s. 4 %ﬁ%%hblgfofbéﬁfﬂnéayveEQQCtEQ@ha%s 155 E&QQHAﬁY 2004 -

10 a chiral center mhere nel ther” enanti oneri c g rreﬂ
Resol vi ng enah?i orEtEia TIPS BaM TS ofPME) ot HeuBTBY 53~ RBYF RP8y, pairs of
enantioners from mm@:taﬂam&ondé c(pMsayyr eLetRaﬁelLuta@éltdﬁita-:Jl&cem C mxture

-- the separationggfa 1" age a r£eQc stry of
FTC and FTC Butyrat eal -1he’s ereoc JEelri'l';eg:tr us@e? ?% Q?T%él%%pgutﬁc stérigf erred to

10 throughout t hiEe#PNGORi & eaewgwmumtmwcynmmwatleam{m) -FTC
- +)-FTC Butyr at ewas 9% .- - FR€ presence of undissolved substrate

. 20 decreased the enantioselectivity when the substrate
concentration was beyond 3%. Furthermore, use of a
water miscibkble organic solvent and warer solution, at
concentrations of water miscible organic co-solvents of
greater than 208, had a pronounced negative impact on

25 enzyme activaty, especially for porcane liver esterase
(PLE) . _

The present invention specifically addresses

several obstacles in the &rt that had the effect of
making enzymatic resolution of enantiomeric mixtures

30 uneconomical, First, 1t was thought that enzymatic
conversion should be performed under homogenous
conditions, because biphasic systems resulr in poor
reproducibility (See Liotta et al., United States
patents 5,827,727, 5,892,025, 5,914,331; or Matson,



31 JANUARY 2004 - 11 Stereoisomer -- a conmpound whose constituent atons
are arranged in the sane order as that of another conpound, but differ only
in the arrangenent of their atons in space. Exanples of stereoisonmers are 5
enantiomers and di astereoners. S~.bstrate 1 ina -- the.¢o of an
enantionmeric m xture. For the exanples shown bel ow, suggtJ?‘WFf\gg%@fng i's
expressed as % (wei ght/vol ume of the gon-honbgenous system), i.e., based on
total 10 solvent volune. To reiterate, percentage (weight/vol uine)
substrate |l oading is based on the volune of the entire non-honogenous
system which ing’l“é&ég BBRFET A TERf\Fe Gud O8R 62 oV BRI EhPGHeNBEedSur f act ant

-- surface activeepdeahs iBaprdfodeiiuce skharsté§ agead@nsinen ogbasintutions
when di ssolved in _said sol gti o§|§%&%&%§t ?nté also re luc the interfacial

tensi on between CWOPPPGHFAs: TPt 20540 2%8uPfact ant s
bel ong to three canegompgsnons ctysuamst iwomlthbeulh @nlsatmddar mechani sm 20

Those categorigs éoﬂ%‘i(i§z§€iﬁrég@f]tt§1e stk bEEN S ARG MRINIG 1?19§n£§n—

depending on the nature o surfaces _i nvol ved. The surfactant

concentration i s ROFOPEESH] S¥S TR ehiRFReFSFOPRRIEFRT RN HeP28Yd i s based
on the vol une of hydeophbbre mtmngelmndsyst sovomhoddr2h | Eelivdesobot h

the aqueous and GhaARe GATPRGIS oMLY TLSELBLEa pRAN B Yent -~ an

or gani ¢ sol vent has 'n-wa 25C and
forms non- honngerﬁ‘}l}é’%lsu??‘aﬂ%dvﬁﬁ FFW iPﬁéaBFgaﬁli‘%‘i%oWﬂé’rﬁms
concentrationg s demarasecdn3dymas rxetcmauﬁ agealy) Unotededwaiesejatandsi s

based on the vol ugr%&qf 7r2lc7e gnébéeoépn mq???jmfﬂ%e%%#ﬂ"m i ncl udes

pot h the aqueous “dnd ‘drgahi ¢’ conponentd tot ore
thian about 50% vvah‘\éﬁeﬂ%@& BFe2Br RAYARCH GIRRENEhe- 26R BRI Kol vent whi ch

i's not nore than speaitt128%A§0bHbVEads St etmeah5856faﬂﬂcémxnssoa,vents
non- homogenous  sQ 0k, ﬁog&éﬁ‘i{ SRS %_ -sol vent --

t
an . organic solvent vvhl\(%‘ﬁl Aot e e present
i nvention prow d@%%@é‘ce%ef BFep‘P%d%Rﬂ'ﬁ‘@m@g@ﬁPPal 5°h¥5¢i°1|'= a%\@rﬁ%lsest er of
Formula | 10 usi nirevihkiedr ahaseasad ysel viEdrinsrach Rf\/\lﬂerelniydﬂ%prﬁabﬁi]:- '

alkyl, alkenyl, Qhuoaldouite chaXeSuth 8 decokeaaOll ooy SRy O Mt sa1d

process conprising t ersi n(gx\% YT OMeH ¢ hitxture of
an ester of FormATE -l gﬁ“& &Gnéﬁn‘??%ﬁﬁf g Bé& eﬁeﬁb%% wige re i ¢hgbout
25~ (wei ght/vol unminfridve nesebonpganods e ea)keri BodubDé gadnd 130! vent

o Pl nods ot a0 eOTRE0 M adidnt coxlonefil WM 2304 -

(b) providing an aqueous solvent sys oduce™an aqueous conponents
and (c) contacti MpSaY SSPGEA EaEBﬂboﬁe‘?ﬁ aﬂr?ﬂ’saF&’-‘&&S@B%Eeco?hﬁ)nent to
form a non- homoganmmrgy sreeptionnditscasul ta proceBischhpehntéqiies

resol ution of theléggté;{zg,n;eopgg.og}!gg é‘f%’%éﬁie non-racen c ester of Formula
-4

| and a non-racem c al cohol ml_JI
Addltlona 1mprovements achieved via the

25 present invention permit the use of several alcohol
selvents in an enzymatic srocess. In addition, the
present invention provides an alternative process mode,
wherean enzyme and organis solvent requirements are.
further reduced by the addition of surfactants.

30 Finally, the present invention 1s directed to providang
a more efficlent enzymatic process which maintains the
enantioselectivity at a high level.



NHZ N ~0 Formula Il wherein: 10 X =H, or F;, Y=CH2, O S, Se, or NH and
wherein said hydrol ase enzyne is dispersed in either said organic
conponent, sai d aqueous conponent or said non-honogenous system 15 The
present invention also provides a process for producin @ [ :
non-racem ¢ hydrophobi c ester using a hydrol ase enzym&*g3 %@@Uééké@gé
conprising the steps of: (a) disper= ng an enantioneric mxture of 20 said
hydr ophobi c ester at a concentration of between about 1 and about 25~

(wei ght/vol ume of the non 31 JANUARY 2004 - 19 honpgenous systenm), in
an organi c solvent systemt@ 3 2 § S(b) providing an

aqueous sol vent systemto BEHQHéQiaﬁﬁﬁﬂP qs gggg@ge{ﬁ|‘and 5 (c)
sai

contacting said organi c conmponent a ous conponent to forma

non- honogenous sy%ﬁ%ﬂﬁiQ§ﬁ&€Ftéﬁﬂd?QWYﬁE§XM% @ Bé?nﬁ@a@¢k9¥ﬁﬁﬁﬂn tosmy eétive
conversi on of onesrenantaoRertcinittpfe ¥ dreNdatypaEE | €0 nﬂn@t ure to the
correspondi ng al c rel n _said.hydrol as nzy ispersed in
either said or%an?éﬁcegl?%ggéég ms;lgi %%%%coWsl%g’ﬁ%oﬁﬂﬁt%ﬁ cg«.g eddm’%

non- honmbgenous sy&S#‘AfRLcAESERRat i vel y, the present invention prOV|des
processes for producing a chiral, non-racemc ester of 15 Fornmula |I from an
enantioneric mxture of formula | or froman enantioneric mxture of a

hydr ophobi ¢ ester, wherein said process further conprlses a surfactant. In
addition, the present i nventi on HHNARM O THEQTN PN pr oduci ng a chiral,

BO? rafenlc fﬁtfr of 2 20 The ?resenﬁiinvention ifhdlfected to SeVﬁfﬁ% I
utyryl oxyme y rocytosin oxat hi ol ane a rol ase
enzyne, said 3&‘% coel%?’itgl B?ﬁ%cﬁ%?}% %‘T‘r PERRUGREY e?sflzﬁ %’H o=

enanti oneric Xtm@em)\fc essgrd More specifically, the present

2- but yryl oxynmet hyl sber(thdnl Yer aeyeeska- ’éc)ﬁﬁcv]mcﬁ%é QxaiRLPheog ﬁéocﬁess
concentration of between about 1 and about 25~ (wei ght/vol unme of the

non- honogenous systen), in an organic solvent systemto produce an organic
conponent: (b) providing an aqueous solvent systemto 30 produce an aqueous
conponent: and (c) contacting said organi c conponent and said aqueous
conponent .to form a non-honbgenous system 31 JANUARY 2004 - 15 wunder
conditions which permt the enantiosel ective conversion of one enantioneric
formof said enantioneric mxture to the correspondi ng al cohol wherein said
hydr ol ase enzyne is 5 dispersed in either said organic conponent, said
aqueous conponent or said non-honbgenous system and wherein the
concentration of said enantioneric mxture is cal cul ated based on the

vol une of sai d non-honpbgenous system 10 One enbodi nent of this invention
provi des a process for producing a chiral, non-racem c ester of

2but yryl oxynet hyl - 5- (5-fl uorocyt osi n-1-yl ) -1, 3oxat hi ol ane usi ng a hydrol ase
enzyme, said process conprising the steps of: 15 (a) dispersing an
enantioneric m xture of said

2- butyryl oxynmet hyl -5-(5-fl uorocytosin-1-yl)-1, 3oxat hi ol ane at a
concentration of between about 1 and about 25% (wei ght/vol unme of the

non- honogenous systen), in an organic solvent systemto produce an organic
20 conponent: (b) providing an aqueous solvent systemto produce an aqueous
conponent: and (c) contacting said organi c conponent and sai d aqueous
conponent to form a non-honbgenous system 25 under conditions~which permt
t he enanti osel ective




conversion of. one enantioneric formof said enantioneric mxture to the
correspondi ng al cohol; wherein said hydrol ase enzyne is dispersed in either
sai d organi c conponent, said 30 agueous conponent or sai d non- honobgenous
system wherein said organi c conponent conprises betwe about
90% of sai d non- honobgenous system 31 JANUARY 2004 -%iéik@kﬁyé?ﬂﬂgaid
non- honbgenous system al so conpri ses between about 1 and about 20% of
surfactant; and wherein said surfactant concentration is 5 cal cul ated based
on the volunme of said non-honpbgenous system Another object of the present
invention is to provide a non-honogenous ésystem for producing a chiral,
non-racem ¢ hydrophobi c ester using a hydrol ase enzyne, 10 conprising: (a)
a hydrol ase enzyne; (b) a hydrophobic ester substrate;-(%% fn Qr gani c
conponent: and ¢g)tafs@s ueBiphasiponent homkRrenouss SYATEH; TR ¥ 1%hi
invention to provide a process far S i rdesihigtueaandf af® from an
enantioneric m ?ﬂﬂ?@?ﬂ%?%e‘:ﬁ gggg%bgbﬁ%&%@t his_|nventi on. 1.0 § ovi de a
process for resekteng andesdaknﬁugﬁaﬁﬁiBﬁ%reﬁﬂ?qsronF i SRERPFOReriT mixture

ef hydrophobic Eiltg%gr 3l pdSedu Ty ibproobh@nts ehichi allowehighn to provide
;

a process for I"Virng enant | omers’ of antivir Ads Baving Formula |
above. The ndst smbstorEedleadidt #0% SGPSHF sreiglcle(rzli\c/)gﬁtg:don provi des a

process for res@ﬂgbﬁg.enantioneric FTC butyrate (or where Ris propyl, X =

F and Y = S of conmpound Forpula I, a . d & drendighgoceshis| s

di spersing an enantioneri%'ﬂ+?%bﬁ§m%%%§bh§§%gp obic ester _in.an 30 organic

sol vent system tjgwnedvaepaovidemrior ddsperertd ah ERAASMEFAET on range

expressed in units of $ g | 18 n0b rAR1 @ oso hasrge mysesy §bem) i s

selected 31 JW%BSF}} %ﬂ%ﬁéé&?rlom t he grgu%) Cf%fisﬁﬂas'ﬂgcffe ranges

bet ween abou10 0.fx¢cuee aboQrdanyy FIPRRERTaBbU qﬂ Yoand about 45% between

about 5. 0% and aﬂ?&gin%S_% aRehyessu Satipohetans pbotkderb @bt ween about 10%
be

and about 30% ween 5 about 5 and ahout. .20% Ao andabout
5% and between mﬁ)ﬁﬁr%@@ég& 8%t Yo :é%ségf%e@eﬁm Inzifife

preferreﬂ%enggﬂ%fgpt h;he

organi ¢ sol vent sysdRigcieklyhi she nvedndl@se EBAPIEsERDHME ¢t © %88 ror e

t han about 50% water m sci bl i Cg sobventss phafefactiially &o

di ssol ution of t%“é?%ﬁP?’g%@?‘f’%ﬂ@% uryésg: In the next . phef eltéggghperg)odi ment ,

the organic 38| veme asaandies CORPPRFRE i nvER PERC®E8npbrT sé one or nore C, - Ce

al cohol's . 15 I n.the, nosty phef ekyeniendmgionemt, andethbe gAAPROYDH| vent systens

of this invention, conprise e or Js T sekeempl ubder

3- net hyl - 3- pent af8FPoR 1%‘ﬁ?3$§?r%d9§%gg§%ﬁ¥%t, tﬁg ag%eﬁ S S$|y§¥g systens

of this inventioBos@iprorse whdichr peshbt 20he rr RIS tHERT &F i ges% 1

al kalizing agentg, an g%lﬂgecraolthlra@r BS6L ¥akdnas estieabiahidz er spnfracemichg

ai ds, co-enzymes < of Other excipients.that féﬁglig: 1§ dicoRebakRe A

function of 20e eheghel. | Thencomipabial Pt eSS rent, the aqueous 25

sol vent systens qf,,bBhs ddtitidmn foenpai senviedrrdenaves G¥S¥5Pe bBYfering

salts, alkalizing agents, or._other cLpi S e Hidgidr lsabetdasper si on

and function of Pﬁéngniyﬂ%ﬁ"n?Fngﬁgx? %P%?gé?ed enbg'lne t é%pe ggggous 30

sol vent systens @bntbhﬁ:ht&mnﬂiaﬂe<P@Wﬁ#béé-wa}%r?n%ﬂﬁTQﬁéiﬂf afoutT 0. 01

and about 0,5 molgf, RURSPIAH & LU Y1l oaLPHERe diet welemarbawcemi® and about
" rom the organic

25 ester compound may be isolated £

component and the chiral non-racemic alcohol compound

may be isolated from the aqueous component. The

- isolation steps may Vvary, depending on the particular

compound and conditions.

30 This invention also provides an alternative

procesé that produces improved results by drastically
reducing the amount of enzyme required for producing a
Ssuch improvement is achieved by the

given product.
to said non-homogenous system,

addition of surfactant




31 JANUARY 2004 - 18 _ In the nost preferred enbodi nent, the aqueous
sol vent systens of this invention conprise water, between about 0.2 and
about 0.4 nol ar phosphate buffer at a pH of between about 7.2 and about
7.8. 5 In another enbodi ment of this invention, the hydfo IS
capabl e of resolving a pair of enantionmers. In anotherq%n%@@ﬁﬁgﬂ?&gf this

i nvention, the hydrol ase enzyne is capable of resolving a pair of 10
enantioners b.y an enzyne catal yzed stereosel ective reaction with one
enantiomer. In a preferred enbodi mrent of this invention, the hydrol ase
enzyne is capable of resolving a pair of @nantioners by an enzyne catal yzed
stereosel ective 15 conversion of one enantioner. In the nost preferred
enbodi nent of this invention, the hydrol ase enzyne is ca aQ&g of resolving
a pair of enantitmgmpdnce: ha émﬁy@fée%d’c%‘l'?%‘a%%‘é‘ﬂ%o%}é?t@g‘ii tconversion of
the (+) enantionfégﬁﬁré% 4@ss organic solvent to solubilize the _

but yryl oxynet hyl -5=(5-fl uorocyt osi n-1-yl)-1, 3oxat hi ol ane (or where Ris
propyl, X = F antbstrafesf Fornula T above or FTC butyrate). In one

enbodi nent of this inventiiananbbRebi @uaddimest,i Shanisvenyrion PFovihdesot her
preferred enbodi nent of this_invenfi t i r e. In a
preferred embodi FretoTis% ﬁﬁsénﬁn\a}egé‘iwgpn%d to%gagggangt%g @é%yeégtr?(}aér om t he
group consi sti ngwlefclestesudsss inl apfeshemdesuetaaBesn WEe |TPIMHESRost

preferred enbodi S vipgvention, the enzyme is selected fromthe
gr oup consistingﬁiﬁgﬁﬁﬁiﬁtgg ggncreatic Iipa%%_ é %%% 31 JANUARY 2004 -
i ger

19 Pseudoronas speci es | ifpagBothepctBRadige : ﬁa%%fegﬁﬁﬂﬁ’lisin, or
porcine liver esjgipstod 'FLEukfabbapbetemmdisystemopetiissi nvention, the
bi ocatal yst i s added to the non-honmogenous. a r aqueous
conponent i s1@ontBRARENH h§n5yﬁ3n$%§%%ﬁg%%éﬁggtékﬁaigtaéﬁon-hoanenous
system |n anot heslewbiiatson of shbstiatent Hdgher bpbeataf y&8aGtdondded to
the organic phasg as) pajl 0f J e BLERRIL &GHRRNRBELBEESE Copératiqigeous
conponent is 10 ctontacted with the organi c conponent to nake a non
honbgenous syst ebhe |precgitef erred enbodi nent of this invention, a

bi ocatal yst is added to the aqueous phase to create an aqueous conponent
after the agueous conponent is 15 contacted with the organic conponent but
before agitation and m xing to nmake a non-honbgenous system_ 1In the nost
preferred enbodi ment of tDRERAILER: DRSGRIPFIQGN 0OkLEHR ENVENIS,

agueous phasgefo create an,Aqioys186NPAYdsdigion Nectaseare 20
conmponent is Contacted with the organic conponent to nmake a non- honbgenous
system I|n one efipbinedras JFoktWs {i nventi on, the nonhonogenous system used
in the process to resol ve mRaMtaQWeEi 6-na xprotesicaulacadesushattamta The 25
concentration ra of surfactant 0.2 i e

non~- honogenaus B§§F8;?S?§”¥@Pgﬁtegnfﬁ%%¥€h%ngﬁ%ﬁtqgﬁﬁg%g%?ﬁg of between
about 1 and abouprd6éasés sand ddt@ses -bet ween about 1% and about 20% of
surfactant: t ween about éﬁ%ﬁg%;dgﬂgghgéoghog Shpoiridachantt isbastveen about
1% and about 5% of surfactant: ,etmggn about 5@6anqiabo% 130%%R£ains
surfactant: bet wsdRezBR&RbIDRMAFSAFIGEOEsoRYge, and usuaily

an asymmetric carbon atom, where four different groups

are attached to the same carbon.

Co-solvent —- an organic solvent.
25 Conversijon -- the process of treating an

enantiomeric mixture of compounds with a catalyst which
transforms a single enantiomer into a different
chemical entity.
Diastereomers -- stereoisomers that are not
30 related as mirror reflections of one another.
Dispersing ~- distributing the enzyme or
enantiomeric mixture material in the solvent. The




surfactant: between about 15% and about 25% of 31 JANUARY 2004 - 20
surfactant: between about 20% and about 30% of surfactant; and between
about 5% and about 15% of surfactant. In one enbodi ment of this invention,
the 5 enzynme is immobilized on a matrix. In a preferreg w 2¢040f thIS
invention, the enzyne formis that of a crosslinked en Q fg? such
as, for exanple, those described in PCT patent application~WD 92/02617
(Navia et al.). 10 In the next preferred enbodi nent of this invention, the
enzynme formis that of a controlled dissolution.crosslinked protein

crystal, such as, for exanple, those descBibed in PCT patent application WO
98/ 46732 (Margolin e ,t al.). 15 In the' nost preferred enbodi nent of this

invention, the enzyne is in a soluble form In one gﬁ%ﬁ nent of this
i nvention, said emzytomegekeudnsyhe cfrm Gfpai §8°BRt BB 10%nd

99% gani ¢ comPOREgl. ) n AARKIGHEFDOUIR! obf sbbisl eCeriayent cod, thal d
ens

non- honbgenous s corrprl se between abou %and about 1A C
cormponent . More @m@ﬁ@%%ﬂqﬁﬁxﬁb}ﬁﬁg%%lﬁe é‘t“‘égﬁ 85%?%& %tov%égﬁggbout

20%and about 80(@59@{1&&1&@@%@% dEypérsmrseysmemf mambtqr}t@al dlp to
non- hoanenous systens co 7 304 ¥®egani c

conmponent . | n3an I ment sa| non honngenous
systens conpri sem@€éreels ed:mjttwboeﬁalﬁlemimltllmﬂ(ﬁopgaﬁﬁé conponent. In

anot her preferred enbodi n gon_ Ww%t§¥§b£g§m§maﬁze bet ween
about 10% . 30 and about onent. n af ther ry d
enbodi ment, sai danemh@n@g@?ﬁﬂ@@}@f‘én% AR R o & %md about
70%or gani c comoggﬂisuﬁ&ﬁgéggleamt hes miefer riethgenboBhambiomersi dre .31
JANUARY 2004 - non- enous sy &0 abapt e@g({{and
about 20%or gaRi cchbﬁﬁbnﬁb?regqlﬁo&%s %bgscrlr]g%w foﬁiﬁ’highrgvgn%ﬁn rsaid
processes for reg@tMi 68hér detsiraAd nedanul esreandiar Er PREAHIRY at a
tenperature or t tu f { he ﬁﬂf@,t@O@ﬁhﬁtimﬁ bet ween
about” 0C and abo%gp' % b \/\é’egnleagtlolg(&td FQ%Band about 450ug ween about 20C
and about 45C, bebwets ab@mlamco;naoaséh%eﬁaég*ﬁet’\ﬁesﬁ & 10C and about
40C. between abo%b égiég%ﬁf@c@mﬁw 3Q€ffbﬁémeénaabmmKnerGCaaﬁd about 25G
bet ween about 15C and ab 4 et wee o4lf %t%.%gl aggatwg@g,e,_bet ween
about 15C ané%b&‘&?%@@“ ‘avgté‘brg‘r?ou {f‘gc,‘? dsgg} C bet ween about
20C and about- 35€h&5pllana of epcraridesnBoahfrehs  rated eGB§ Eb?f‘bbnent used
in the processes 40N HORRr kaesS1aft | emorlﬁ%(tw@yunelwol une) of
sai d nonhom)genodg %‘&gl%)gﬁ]kg%(ﬁ Eh@ next gr eferred+ e%ﬁﬁ ge said 20
aqueous conponent used in hi's corrprl ses at

| east 50% vol ume/sehurgbnof o satwb r@mitamgesouhesqsamemamtﬂhaemm
preferred embodi nent, said aqueo nt g}pwquchﬁ sa@f this
25 i nvent i on AbnHressstatol éagfe%fﬁ’ q&%ﬁglvo ilﬂ# sai d non-h gn%@enous
system honogene@ys: ilcaloretetbaoni hemr of rpﬁﬁ!‘rlpmle@@?’b?ﬁpc%‘ﬁ 189pFBCERS fox

resol ving a desi red enanLl ORRY ch St 8 Aidsthc3anodkobgs A Mituditongeneous
system conpri si ng surtactant. Wien a surf glt ant ﬁ‘?aé]_x & %a%g non 31
JANUARY 2004 - 2Z2Xee@sndgusheyReEssnEase O L8ft PRETH* P RHge Or t hie or gani ¢
conponent in %WolgiEys QveREthat 6! s athderdm tiptyrewand dissi sting of

bet ween about 5% and about, 90% jjlsal d non-honobgeneous systen between
about 5% and.%® At ul@G@%Pss(ﬁP Ao honobgeneous between about_ 5% and
about 70% of said non-(epEedEieonstayeremt Bdrenadntupelt * 508RRGIFi&bout 60%
of said non- hormgeneou ) b %‘E@Ef Umdkh dxabeeit= 50% of said
nonhonogeneous- syste &‘\E}@ggbgb% Yo an abcgtﬁn 3?)$ of 10 said

nor. - honbgeneous syst eamardtingen 8K6&$S 5% and about 20% of sai d

non- honogeneous system between about 5% and about 10% of sai d

non- honogeneous system between abou 10% and about mg(é)g %
non- honogeneous systemnm beEAd8RLIi8E IR abolt %0 sal

non- - honogenegys dparstinfdBs bet ween about 20% and about 70$ of sal d

nonhonogeneous systenm or bet &en anuEl %E!OQ and a §g§
non- honogeneous systeny an % and about 8/00 sal d

non- honbgeneous Sysheétting one enantiomer from an enantiomeric mixture.




' The reaction schene for resolution of an 20 enantionmeric m xture is
il-lustrated in the reaction shown in schenel(infra, page23)where the
substrates were either acetate, formate, propionate, butyrate, pentanoate
ox ot her n-al kyl and branched chain or aryl esters of FIC, . .or g rjyatives
of such 25 esters of FTC and the organic co-solvents vwﬁ%géﬁyA ﬁ re not
nore than about 5G% water m scible al coholic, alkane, aromatic, ketone

Et her, vitro, hal o-al kane or axomatic organic sol vents, such as n-anyl

al cohol, isoaryl alcohol tart-atayh al cohol 3-peatanol, 1- ox 3 30

hept anol , 3-net hyl - 3- pent anol , 4-net hyl =2gpent anol ,, 3ethyl-3-pentanol, 1-
or 2-butanol, nitronethane dichl oronethane, nethyl isoburyl ketone,

di et hyl sulflde .sul fol ane. and ot hers. 31 JANUARY 2004 - 23 In Schene
1, shown bel ow, the produgts pitviere reaceifenswee el eRANHGMSTAEeri ¢ est er
and a non-raeenic cohol che I ne -8 2% e-5-Fl uori ne,
Ris CFi, and Ym4£&Q§ﬂ'Pﬁf£§?hg% oﬁ%%&ﬂ 3 glaééggtints an enantioneric
m xture of FCC bfil yowd- ' -\thipoubidime ®ai @Séﬁéha germtdi%e |1iver esterase

(PLE), 1ipase fromb Naghsp Sis -saabryl fryamsAd|Ser gi . LI us
nger (ANL) haveg%% %&%%gg%ésﬁggigﬁﬂﬁﬁhdﬂD > hrds 6ﬁ¥mﬁ

cataly r in nlxed
10 organic soEveﬁluorQR¥¥QQ%PehrElPT hi@h&ﬁﬁ o5 | f%ﬁF €?¥h§$¥%
Synth. Commun 224 %7 ﬁ%bdgyiété1892ér8ﬂ5ayauahpx@methmﬂ-$&(%ﬁna, P.R . Puxe
4

s App.tied Chem, 1067-1072 9 2% Basav ., Pand~. ara3u, S.
and Mt hukurar aaflyoroq¥iqsinsdx¥ } ﬁs 3%@3%?%Q13 16, 15 (1996 ;
Mahrmoudi an, M, Ralnes a.Iacombaetel Ater-mis¢ible, Bl G "”~yne

M- crob. Technol ., 9%@&%1%8&%392%1&% 1ok f&MyKa@BﬁlﬁKeéﬂ.nR

Japanese pat ent JPO%% "~ schene NHS X Q ~~
bvooa~l yet ~40ar watet abdﬁ5cqaédu OFu§ | MOIVIOMOTENPRA.- Y} %ﬁ#’%ou uc~~ho

Nlia N~ X ~1~1 x%tggo I\JKQ d:omyj;@tglyyY c--rl R~s C--Cg al kyl, al kenyl, or
al kynyl; X ~ H. F; gﬁﬁ C% Sg %Z! gg NFI% EQgthggaﬁ@ayﬁg can be
ei t her sol ubl e enzyne, | e ss- | enzyme crysta
farm the organi eopprioingrd bm@nabaly&e.sorgén;QLMQERR$GEG®4agu%QUSany t hat

were not nore than abguttSQ’% %Eﬁbs%é‘éém eAqgcgam(ﬁlo@@hbaat gyssmhn@s
n-anyl al cohol CeEPY ? t'cofiol anyl al coho gﬁtanol 1-

3-hept anol , 35\Vea3s6 pen!:%\fﬁmreM-tﬁbaE Eeﬂ‘P%n‘b‘Pm@’E’tusS“ﬁS PEnefF, @

2-but anol, ni tropehhgaBRegehsill HopBthaneoand nmﬁmhqmoqﬁmyublocatalysts may
be either soluble enzyne i mobi li zed enzyne or crosslinked crystal

(CLEC a) form 10 6MPPRL Qﬁ%yne (Al tus BIO|OgICS I nc., Canbridge,
Massachusetts). The' reactdxarmca enttavabemim £ I %Peactor, a

colum, a hol | ow f1 ; lﬁl%%:)é”%fhal Y61 SouThdIgAventSynChesi s, pp.
138-150, edited bymggasQEg$§ﬁu“%J dmann VCH 15 Vérlig&%%%ellschaft

GvbH, Vi nheiaf ngﬁpsbitﬂﬁﬂ%r%&ﬁ?QQ§acP&F°Pﬁﬁﬁdsar?¥?$icﬁl Zepp
C.M, and Rossi, RyersPGliE8s eHanpRlikeakl on P«broﬂﬂ:ﬂ@/dmﬁ!ﬂt&c I\/ay, 1990]

solvent, such as tert-amyl alcohol, iso-amyl alcohol,
1-pentanol, 3-pentanol, 1-butanol, 2-butanol, tert-
butanol, 3-methyl-3-pentanol, 4-methyl-2-pentanol, 3-

25 ethyl-3-pentanol, 3-heptanol, toluene, butylacetate,
nitroethane, nitromethane, dichloromethane, methyl
isobutyl ketone, dimethyl sulfide, sulfolane or any
other not more than about 50% water miscible organic
solvent which facilitates the dissolution of an

30 enantiomeric mixture without destroying the enzyme's

ability to function.
Racemic mixture -- an equimolar mixture of

two enantiomers, also known as a racemic modification,

usually produced as a result of a chemical reaction at




The choi ce of which particular enzyne is best 20 for a given substrate pair
is determned by treating sanples of the enantioneric pairs wth various
enzymes such as porcine liver esterase, porcine pancreatic |ipase, |ipases
from Pseudononas species (PSL) and |ipase from Aspergi bl Uanpja3eF 26¥\L) . and
prot eases such 25 as subtilisin or a-chynotrypsin. After treatnent of the
enantioneric mxture with the resolving enzyne, the products are isol ated
usi ng standard extraction or chromat ography procedures. The enzyne
produci ng the greatest enantioneric excess of the desired product 30 should
be the best candidate for use in the prokt@ss. 31 JANUARY 2004 - 25 The
process can be further inproved by choosing a given enantionmeric m xture
and resol ving enzyne conbi nation and determ ning the jdeal solvent
conditions for thehirzaktdenter Nharbi@#&ﬁhqn:e§9§géﬁ?e¥h% @F?ﬁhﬁqnisof organi c
sol vent nust be Pg%g;g@@ed. The opti nmum organi ¢ sol vent can be determ ned
by treating sanB es of the enantiomerigc, mixture wth ele %g enzynme in
the presence of the sane Beflyilings eRantioREr S, QL LESQs an about 50%
water mscible grgapis dP sparening Paits wfl anantliosars Fronuae any not
nore than about "50% wat er, m scible (solubility less than 50%in water at
foon1tenperaﬁhréPaﬁF¥g%%ﬁ%?nm¥ﬁqzﬁﬁé, aromatic, ketone ether, nitro,

hal o- al kane or aromatic Resgliution of amdle 3d xEUEEY T aFR®hol | i so-anyl
15 al cohol, tert-anyl ohpl - pent.a edlaptoneks.

3- et hyl - 3- pent gﬁg%aﬁﬂr’r‘gt%ﬁ A ﬁgﬁ?t&nfgﬁt%et rﬁ -3-1 |, 1- G

2-but anol , nitromet hane, ShergoshemdeiEbeof FIGANG &b PULYREESNE, di net hyl
sul fide, sulfol @pe, sebfeofRbhiWryl offr ERENETE afmpwundd erferredetdc nixture
with the resolving enzyne in the presenc e s of various

sol vents, tH p¢66883§°5Fet?%ﬁﬂﬁﬂéiicﬁgﬁﬂg %%%uéﬁﬁﬂ? %E??gEtion or
chromat ogr aphy procedures. The sol vent/enzyne pair prgducing the greatest
enanti oneric excess of the 25 desired product should BE?the best candi date

B Na ST s

1-_or

for use in the process. The relative quantity of ¥ ected organic
sol vent should al so be evaluated in order to achievel thg¢ best results. To
do this, a simlar procedure as 30 descri bed 0 I sFOpowed. Using a

particul ar enzyme/,agew Subyxdtl e, -the FHIGRY of ( helkel ected organic

sol vent/aqueous solvent is varied in a nmanner su as the follow ng: 95:5,
90: 10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and. 5: 95,

31 JANUARY 2004 - 26 ([organic solvent]: [aqueous sof¥ent]). Identical
sanpl es of an enantioneric mxture are treated w tandard anmount of a
particul ar enzynme in the presence of varying ratios pf rgani ¢ solvent to
aqueous solvent 5 for a set tine. The total vglu i constant.
Fol l owi ng treatnment of an enantioneric nixﬂﬁTELhzﬁELrhe resol ving enzyne in
t he presence of eﬁﬂéﬁwgnouﬁfs of various solventR~the products are

i sol ated using standard extraction or chronmat ography procedures. The 10
solvent system enzyne pair producing the greatest en i oneric excess of
the desired product should be the best candi date K in the process.

Al ternatively, for sone racem c m xture: enzynme: or sol vent

conbi nati ons, enzynme 15 activity may be enhanced an ic solvent |evels
reduced by adding surfactants to the reaction._InoqrpAer to eval uate whet her
a surfactant shouly-pecagdegrdte a parti ciH,e00Dr . Some variation of the
" follow ng process nay be pursued. First, a surf ant 20 is sel ected by
treating sanples of an enantioneric mxture with the | ected enzyne and an
array of surfactants in the presence of a non-honogen S system conposed
of a not nore than about 50% water miscible organF ent and an aqueous
sol vent. The system 25 should be one which is conpalibl wi th carryi ng out
the reaction in the absence of a surfactant. Exanpl esyetygurfactants

i nclude the Tweens, such as Tween 20'M Tween gO' i onex' M Teepol

HB7M', Tergitol TMy-Gt%d Tergitol TNN-lO~",H@é$§K§%I NP-4' ~, Tergitol
15-S-3"~, 30 Igepal CA-630'k Tyl oxapol'~; 4 ucode ycholic acid, octyl

p- gl uco- pyranosi de, CHAPS M dioctyl sulfosuccinate, or deoxycholic acid.
Fol l owi ng treatnment of an enantioneric mxture with the resol ving enzyne in
the presence of a biphasic solvent system and 31 JANUARY 2004 - 27 a
constant anount of various surfactants, the products are isolated using
standard extraction or chronmatography procedures. The sol vent/enzymne/
surfactant conbi nati on producing the greatest 5 enantioneric excess of the
desired product in a set tinme should be the best candidate for use in the
process. The surfactant may be added at a




concentration or range of concentrations depending on 10 how many sanpl es
can be processed at one tine. For a given solvent/enzyne/ surfactant

conbi nati on, the optinmal surfactant concentration should be determ ned. One
of skill in the art will appreciate that an array of i e@?ﬂﬂﬁg{ ctions
shoul d be set up, differing 15 only by the concentrati %ﬂ of sur %@?‘gnt. For
exanple, the reaction may be carried out using PLE in 20.$ pentanol and 80%
Tri s( hydr oxynet hyl ) am nonmet hane or

[ 2am no- 2- (hydr oxynet hyl ) -1, 3- propanedi ol buffer at pH 7.4. Ten identical
reactions may be set up, having the 20 .fqlil owi ng surfactant concentrations:
1%, 3%, 5% 7.5% 10% 12.5% 15% 20% 25% and 30% Fol |l owi ng treatnent of
an enantioneric mxture with the resolving enzyne in the presence of a

bi phasi ¢ sol vent system aggei-861 iNg-sudr Campaumd odesenceastdhuerfy a set
time, the 25 products are’1sol ated, usi.ng n exd el @% @hother
chr omat ogr aphy p?efet s 2r¥RBIS I%%ryeer?;@%egﬁé%ﬁfact ant conb'hngti on
produci ng the greamsingnaati amefer @xgeds thet aeranganesd SrodBEt*in a set
time shoul d be the best candi dat ¢ BrhbP8oBsbridraces Surfactants
useful for carry?HPOU? t%agei'nv%rcl I}Q%lnéélsncl ude cationic, anionic, non-ionic
or anphoterics ognabiaomes ehdrdbhstemaon@réferred surfactant will depend
upon the particul ar enzynggp?sﬁééwm theecomret ora tsidys ofagp
conponents. Such screening procedures are Ik t $618k, skill in
the art. |1 ustraehgwrtienes ﬁ‘éxﬁPBEess‘g%r a&% ?é?aﬁg% hgrllérlyngxarrpl és 19-30. 5
Exanpl es of usef yl,seti@dioaihbatsatprésadduds &nm fealghi TRl ues ps

sul foni um phosphoni um gnd quart er nmnigum gagRQUaE stotsgreci fi c

exanpl es of suchtbﬁt’i‘%‘f‘l%l:"’%%@&@fsa%?é%@dl ude: ' Vet hyl trigctyl amoni um
chloride 10 (A i guateBB6yolume. To reiterate, percentage (%)

N, N , N - pol yoxyet =Nnt ahlbavr ¢ Sdi G inepriepbased EOT- @k ' PEG 10
tallow). Useful é%%ﬁﬁ?%ﬁ%‘?ggt ants include f%ruslg E{?.le‘fm L near

al kyl benzene sul yhdnaeeof Sl &NGIEE] Hoguli‘?}h% &S SVRyT Su ptate, al cohol
ethoxy sulfate, GaphEXukiso@citie asukbusiandstmanigngonpPrREABESy| fonic

~acids. Exanpl es of anionic_surfactants | 'ackivie0R gt 80théni onic) 20
Aerosol 22 dioctyl sul fos@ﬁ%ngAOT).bﬁftgwsaocdilum Sg Lat SSN&%&PQ‘C)E
Type- 4 Type- 8 25 rdldkigke €68- SiBjacgodiensiiSnl Pht FRLYEASES0 e 3‘ : n-i onic

surfactants usefyl, g ,SLapitigal ] OBurzebysietaao pesiugie sbRoxyl ate,

al cohol ethoxyl at’eé, "sorbitan triol eat nongionj ¢ hlack 30,eeRabyner
surfactants, pol yiaxteyfagdabxrersinn %’(ﬁ%yg?ﬁypéén)gilo?%?e%c'dgri vatives of phenol

al cohol s or fatty jaiids anBxanpbBid of Suadacbants ee¥eRd &0 SHEREI ude:
Pol yoxyet hyl ene Ethers: 3 Q04 + hrdQah 4a | StitilarFieehan{(&8ni j 30) 23
lauryl Ether (Bri®S9PEEF ™ éy(l%ﬁ’@%&éggefhgxétQanol < and
(Tritons): Tx- 265 TedER0 BategaTikes 05T UASNIS e 5ERD SO HA5S) yoxyet hyl ene
sor bi t an: Monol aur at Q@wggg 29) Hdid@rnSeaquhatent eof Aieacarfaces

%&) ol ng

83) Tri ol eate (Span col Ether (Tergi : ' 9Tvpe
Np? 35|Type TI\/Nf 181:;’;'5;@11@;13_3'1‘_ ¢y BRT aé)((tz,cgg'g%m‘.}aﬂygl’? NP- - beR@dNEs 9Ty p

Tt i met hyl - 4- 25nonyd peHtalgeet(Ry| enokytet henlomey pendsis-Basediqnethe| ecting a
sii tabl e surfactant, the o eF=TeI NN LaBlis "Bystenetvwiih be reduced
significantly witVOHRS d’sﬁr% ep?%‘éﬁ% yi el Jﬂ{grg 30 gna%ti oslectivity. One of
skill in the ast $h¢ludgmechatbet Adecdie anse RYFRBEEJEPEPYRT et er mi ni ng

how much to lower the Or9a:ﬁ;g%:ﬁo?_ﬁﬁﬂ%giﬁlﬁ&ﬁgﬂdi@mgmm g-a particul ar
enzymelracem e m giggr?i{csusrolv%n%nwhich 1na]sA'\£U%F¥<1?n0 4éolubility in water
| of 10% at 25°C and forms non-homogenous solutions with
The organic solvent concentration is expressed
(volume/volume) and is based on the

water.

30 as percentage (%)
volume of the entire non-homogenous system, which

includes both the aqueous and organic components.




_ 30 conbination the ratio of the selected organic solvent to agueous
solvent is varied as follows: [%organic solvent: %aqueous solvent], 95:5,
90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and 5:95, and
5 other ratios as required. Sanples of an enan;ioneric3mjﬁ«5&h¢§6b4reated
with a standard anount of a particular enzyme in the presence of “varying
rati os of organic solvent to aqueous solvent and surfactant for a set tine.
Foll owi ng treatnment of an enantioneric 10 m xture with the resolving enzyne
in the presence of equal amounts of various solvents, the products are

i sol ated using standard extraction or €ht2mat ography procedures. The

sol vent/enzyne pair producing the greatest enantioneric excess of the
desired product 15 should be the best candidate for use in.the process. An
addi ti onal consideration e apy_ahouty PO WBEREILICIRLE hr esent

invention is the cost p;o;;&ql#enzygﬁ pl_ec_r,arg tsetOdhttf:h ptocedetorghe

present inventi to reducing the en r S enments of the
process on a pethani ébet prdidiseLubasi &2 ?F%é%e%ggi%%t&%e%amunt of

2

prgani c conponeglnifohé igd1ulteonont ttomegesous system | n anot her
embodi nent, a surfactant is_ added to,{he nonoeRegestsystamto further
reduce the a®ount of 25 - er reduce the cost of

operating the ppegassc SbEvartesdrichi asefielbn HisRiei ¢l YPHS” dAlrected to
enzyne reactions wherein the substrate conprises a hydrophobic ester. The
present inventi én €+30 is additionall y directed to enzyne_reactions wherein
the substrate is rel ativeflye iprasent dnvenbier REOEGES: %oﬁ@cq‘ﬂ% {)Psre of a
non- homogeneous _syst ayi ng: LAcomphetgbi¥mi@t@dtdd odi Foematgahi c

co-sol vent's 3?%’%&%%33 %0@%1%ﬂ31%hr O\S/i des i nproved sol vation for

hydr ophobi ¢ 1#st exsdnané bvﬁé@lmﬁfﬁ%ﬁi’c and insol ubl e conpounds as
conpared to systens using water m scible organic solvents. In order that
this invention may be better 5 understo the foll owi ng exanpl es are set
forth. These exanples are for the purpoge “of illustration_only and are not
to be construed as |imting the scope off the i nVEAETEH-3 nIany matter. 31
JANUARY 2004 - 32 EXAMPLES Exanp 1, cine Liver Esterase Catal yzed
Resol ution of FTC butyrate Racem c ate (1.0 g) was dissolved in
5.0 5 mM of n-anyl alcohol by heatinglto 75/ C for 30 m nutes to nmake an

or gani ¢ conponent. The organi c conpo
conmponent conprising 3.8 m of 0.3 M pR\<S phate buffer and the
nonhonpbgeneous syster®was allowed to copl to 35 C. 10 Porcine |iver
esterase solution, 1. nm of 650 tus PLE solution (Al tus Biologics,
Canbridge, MA) war e aqueous | ayer and the resulting
suspension was stirred with gent agi t\ati on. The tenperature was

mai ntai ned at 32 C by an external 3} ter-bath. The pH was nmi ntai ned at
7.5 by the addition of 50% aqueous sodi um hydroxi de as necessary. The
optical purity of the unreacted (-)-butyrate ester and the (+)-FTC al cohol
product were nonitored by~HPLC anal ysis using a chiral stationary phase
colum. After 20 24 hours,yHdeifn*)-enanti omer of the FTC ester was -

conpl etely converted based on HPLC a Si Sy hagdvaehow. Extracti on
of the unreacted ester frcﬁn’tsngfb?cbgﬁli&xbh%gé%g% g/ﬂa%g'r gta?oﬂ of the
organi c sol vemst gave the desi Mhdof- ¥+ FTC ester. The recovered 25 yield was

89.9 $ based on the singl eY(___-)CI_Iena@tig)nEge,ary} tme optical purity was

r

greater than 99 g~ocedures Chirps Hi~L'C Conditio : | RAPAK AS; 0.46 cm X
25 c¢m HPLC col umm ( Dai cel SidhiRrgicesgic Cpmp %W%n%ff pﬁ?a%ggAgéloo ~

acet oni Eri)le, f|b0W rate = ila)mdirgpbr,su)pm dat eﬁahb:tbm::i;:ﬁ@imturng@érﬂn on
times: (-)-FTC butyrate, 6.2 mn.; (-)-FIC 7.4 mqn.; 3 Ji@te, 8.8
mn.: and (+)-FTester. afpFormulal ?&N@Aﬁ?nﬁﬁﬁﬁré%%‘ ﬁ?f#&zggt%i ty was
determined by hq gaavabshem s eidiphtivbyomeeolistirr) HORAMGIENEFS pH- st at

appar a Us 10451 Lol LT DYoot 00 . 46 Genkl DYbeb1 6 Brocd sh) s

organic component;




5 (pH 8) and stirred at 25C until dissolution was conplete (10 m nutes).
PLE was added and the pH was naintained at 8.0 by the addition of 0.01 N
NaOH. The rate of acid production was determ ned fromthe rate of base
addition over a period of 5 mnutes. 10 Enzyne stabili t@ﬁdy%ﬁjw% g£d while
the reaction was in progress. Measurenents were perforne y periodically
renmoving aliquots of the enzyne solution and determ ning the activity using
the ethyl butyrate assay. 1S Exanple 2, CLEG--PLE catalyzed reaction of FTC
butyrate in 83% of n-anyl al cohol (or 3-Me-8-pentanol)/aqueous m xture The
reaction conditions and procedures were-the -same as in Exanple 1, except
the volune of 20 phosphate buffer was 1 nml and the volune of the organic
conponent was 8.3 nml. The conversion was 38%for n ISQ_Q d 25% f or
3-net hyl - 3-pentanol after ®% Rre¥ddingf® aﬂueﬁgﬁc?%éan an%En g? Exanpl e
3, PSL-cat al yzed?{,gg,géé' o}, Qlquedhsbdbndient;n a8 50% n-anyl al cohol / aqueous
c

m xture The reaction conditions and, procedu : SEdR: @%dl N Exanpl e
1, except that 100 ng of sQﬂ)uHPBtP%Ef%% ?Efﬂé_%%@\é?égP %}gpfrom AnBno) was

used. The convergi 98 ¥@sehfidtcafponedd to afmkm l#e DOy beRGFRIAHE S YEY Mas
preferentially hydrolyzed,, The optlcal i sS1ud DOWARY 2204 - 34
t he remai ni ng¥’esPﬁiﬂeﬁa§°’§§'ﬂoiﬁn55 %ggnagﬁ%%*r%gerg Iabl e 1, Reaction 21).
Exanpl e 4, ANL-catgtyredts qumciues 6f CRitah RSRHAEMACEB85RE a7 |

al cohol / aqueous ?“%Hig 5 JIhe 4 eRelikaBesfOdildoma afdFprockaul®s were the
sane as in Exanp 2 except that 200 ng of soluble ANL was used. The
conversion was 45% after 36 h. The optical purity of the remaining ester
was 63% at 45% conversion (see Tabl e INHReacti oFo2mulalOLExanpl e 5,

PLE- cat al yzed conversion of ()-FTC butyrate in 20% of isopropanol (or other
wat er - m sci bl e organi ¢ co-sol vekts)/a eous mxture with 2% substrate
concentration The follow ng -exa i ates the state 15 of the art

usi ng high anounts of enzyne cat al in honbgeneous system To a
solution of 1 m of Altus PLE sol ut{ffon Eizg&its/m from Al tus Biol ogics,
Tnc. in 39 mM of 0.3 Mphosphate b er .5) was added 10 ml of 10% FTC
butyrate in isopropanol. The resultingN20 m XxQure was stirred at 2426C and

the optical purity,of t
greater than 99% (48% 1 ield)\ after a 22 h reaction. These results
emai ni ng chiral nonracem c ester
conpound. The aqueous | ayer incluyed hydrol yzed products (+)-FTC and
(-)=FTC. The ratio of (+)-FTC and (-)-FTC was 9G. 6 to 3.4. The organic
| ayer was evaporated to giyg.Qefps/ 9 of (-)-FTC butyrate. 30 A simlar
reaction was perforned by using other water m scible organic co-solvents,
including 310JANUARY 200& 35H, QEefbnitrile, DWVF,
1- met hyl - 2- pyrrol i di none, rethang) ,0,etshasel,, oreNi, bardinol , DVBO, pyri di ne,
di (et hyl ene gl ycol)nethyl ether,. PE qf&tja el §. dfsedsud rin e
gave the sane high enanti adk eé@?‘f‘v?%gglgy |so{erE(?Sg%gl and releéﬁi req:
simlarly |arge agpthés ofidcrzgapicAcompeneit sdiatehfgdugaye FS’&% nen
enantioselectivity_thap,i )¢ énb, PLE-aatal yxed conversion of
(~)-FTC butyrate %ﬁ ﬁ%%olfoq?s%%r% pgﬁg%ggﬁgous m xture with 5% substrate 10
concentration To a solution of 2.5 m of Altus PLE solution 650 units/m
from Al tus Biqglgogics, Inc, iqe $hemeiit 0hvanBidh phiosplrroyidesf ar PYRFFEE 5)
was added 10.0 m of 25~ FTC butyrate,in_LsO Inydptobt Beggtdp
conditions, tfe s&EB¥t PRPEUGHRI % Ia&fepéﬁd?égoi vec?.y The Pgsul ti gg m xt ure
was stirred at 2 4g266 aneydiel asenchizgmenasah8nPIeReRs RPMHBLEINFhEN®
conversion reached 60~ agg the optical purity of the renaining ester was
79~ (38% cheni cal SfeRFdP*After 96 h reaction time, The, 20 .
enant i asel ectivity was nuch(4owkisnerainghany eRaREENSH 1S mixgure B&: ¢ at e
concentration. aml - I nyeeshednbfat o cd hettyesne in 30%
Ao dg, PYPFORR Sl S Bt

i sopropanol / a a 3% substrate concentrat]j
Propan about 1 and about 25% (weight/volume © &id Hbn-



25 To a solution of 1.5 mM of Altus PLE solution 650 units/m from Altus
Bi-ologics, Inc. in 33.5 mM of 0.3 Mphosphate buffer (pH 7.5) was added 15
m of 10$% FTC butyrate in isopropanol. The resulting m xture was stirred at
24N26C and the reaction was nonitored by 30 HPLC. The

ny, I 8%
after 2 h and did not 31 JANUARY 2004 - 36 incr ease%gf%z\{@é@g?wgrhe
enzyne rapidly lost all activity in the 30%isopropanol. Table 1 sunmarizes

the results of resolution reactions of FTC-butyrate with vari ous enzynmes in
5 bi phasi ¢ non- honbgeneous systens conpri sing various not nore than about
50% wat er m sci bl e organi c sol vents and aqueous buffer solutions. Table 1:
Resol ution of an enantioneria m xture of FTCbhutyrate with. various enzynes
in various biphasia 10 systens 15 20 25 Rxnenzymeco-organi c sol venttine
(h) conver - si on(9émeRfcHbhsesyetatier dochamppgais ddEMLtESTFTERy FO

al cohol 2452>98( +) 2PLE- | n- 9B( +) 3PLE- Sn- anyl|
al cohol 2452>98(+‘% u@-%agoigg%ﬁcg%?gﬁgggk%( +) 5PLE- Cétzert- any
al cohol 363759( +) 6PLE- C1- bubanptouidirg An7 preeds HRky Afﬁ.tgf“+§:§PLE- C3- pen

t.anol 364067( +) 9PLE- C1- t Usipbntallk Eakd- hept anol 363952(+)i | PLE- C3-M
e- 3- pent anol 365é’lgga‘:mﬂrc)erl]%JP1 gﬂ%g@g :

PLE-"C3- Me- 3- pent anql 362533( + -GN~ I
al cohol d36386%( +) 14PLE- Co-(fi- 9onkag HiMd §8&§83’E‘1§‘1 L%’%-a%gym anol 36489
2(+) 16PLE- Cni t r ogi haee28 3 26mpdridiiE-tedifolminoa onen HaeTeBBTORE{ fysteny
JANUARY 2004 _ 3~ 5 10 18PLE- Ct ol.uene (£xdOBLE G dndety,
i sobutyl 362033(+‘)“P<%§’br’r"émdiégﬁﬁgd%ﬁ}3 %&%@6%&%9 +) acet a e2c1ngn-awl
al cohol 245692( - ) 2affdtsicanplt ahe ot BBUBIEE(F) OrReAEtF3 conditions: ig of
()FTC-butyrate inlOn. ~ b C{ QGURO S rivb¥pon@ing sa hyshiall ;y 2edwi t hPLE,
PSL or ANL at ro%?r?'gqelrf’%reerrgt%ufng%g P"“%ﬁ opt iﬁé:él Bﬁl tye’\é\:ﬁ“g%ﬁ%d on HPLC
anal ysis. c.BRE-C = CLEC n' - PLEPEPEE’-‘ISE‘}di BPrAI%d , -S = Altus
PLEsol ution 650 ypitsidda i6h eliBhrnbaind dysmiganpwpayerbussadkt ure.

Exanples 5-7 illustrate sone of .the probl ens,w ,BOsWat&n. m sci bl e
al cohol s in hom@8HevE Cfglp§’§/‘§f13rr§rfggrm?r@rﬁgrwgg%ggflg?gt ﬁggpr esent

i nvention. Such systens produce product with reduced optical purity,
prolong reaction tines, a qt%%%wgm tHife Piasent Exaentton Spd@vidist

Cat al yzed Conversion of (+) FTC Butyrate in n- Hono usi ng
n- Anyl 20 Al cohopranessig gior ‘H%’é’dPéiE?i%nc it P8ﬁsg§%§83§o§é§%€re§f wer e

the same as iy Exgpmhfa lt fiitm RONehanbjenecis rsyduem odmprsedall @r of

Altus PLE solutign (650 U ), as_cat t RS 1ef cagut, al cohol
and phosphat e 25IBaRf ¢ ?Eaé'ﬁgié’f“gr:i%dlﬁ%g?&ré% B RREBS el o

ed in Tabl'e 2 bel o% @otﬁbthat in
each case, the sehectiwisaldiprocessr Snshhef FAPLLAESs G RS AP hbst
absol ute, so that the desired conversion of slightly greater than
O%esults in 31 JANUARYI1120a0d4dition, the present invention provides a
process for producing a chiral, non-racemic ester of 2-
20 butyryloxymethyl-5- (5-fluorocytosin-1-yl)-1,3-
oxathiolane using a hydrolase enzyme, said process

comprising the stepg of:
(a) dispersing an enantiomeric mixture of

said 2-butyryloxymethyl-5- (5~-fluorocytosin-1-yl)-1,3~

25 oxathiolane at a concentration of between about 1 and
about 25% (weight/volume of the non-homogenous system),
in an organic solvent system to produce an organic

component;
(b) providing an aqueous solvent system to

30 produce an agueous component; and
(c) contacting said organic component and

said aqueous component to form a non-homogenous system,



- 38 5 7. 015 enantionmeric purifies of the unreacted (-) ester of nearly
100 (See Table 2). Table 2, Exanples 8 thxough 13 Exanpl eB910111213AnyI
Alcohol2 M3 mM4 M5 M6 m 7 m Phosphate buffer7 mMm6 mM5 mM4 mM3 nm2

m Reaction tine (h)%

Conver si 0n00000001282624212019343. 2423934333389949484541 4 2418289849, 247.
546. 747. 3 Exanpl es 14-30, PLE-Catalyzed Conversion of () FTCSutyrate in
non- honogeneous systens conprising n-anyl al cohol and Water m xtures in the
presence of surfactants . 20 Exanples 14 through 30 are shown in Table 3.
The reaction conditions and procedures .name~t he sane as in Exanple 1. The
non- honobgeneous system conprises 1 m of Altus PLE solution (650 Um) as
catalyst and 1 ml (Exanples 14-21, 23, 29, and 30) or 0.1 g of 25
surfactant (Exanp®s 2ond?}ives edeiddepeanit utliacnant iogedBeti¥act i on

m xtures. The organi c _conponent c Js = and t he aqueous
conponent corrpri‘g‘gﬁ’%sgoﬁl Bﬁogﬂﬁaﬁﬁéﬁgfﬂfﬁ%}%géﬁggi o, Table 3,

Exanmpl es 14 t hr cargnti®merdt RARLNRY tZOGhe- cgorespashvgr $il6RMAL/ ti ne

(t) Exanpl eSurfactant (t) FbursO%%%ﬁéﬁé}%ﬁgnh drolase enzyme is
2001834455015P. ri onex01730424916Teepol HB70 5212617Tertgitol.d
TM\- - 6014324488 18ikmreyaes lBSGStB@HMWEQPé‘ép%?’“P“en + Bal

CA- 63001935454920Tyd AYARPSB 304 656 2dlaler giohehoddheridil] 234208 20dTal a7.e 3

continued 15 20 % Conversion at, tine %%%gﬁggpgﬁﬁyé%%%gqﬂ;@khdHour30132022hb

Sur f act ant 0213447. 523Aer osol 298958 499 525G ucode-
oxychol i ¢ aci d01dpaftia@rtiyl mpxyhneols calculated based on the volume

pyranosi deO153047%%%%},&%&8@@%@tggstgﬂl.fo- succi nate Na+
-Ccho

sal t 0173249. 52908 I'c acl + sal t 0132343. 430 | Tween 80 ~0 ~183350
31 JANUARY 2004 - 40 The broad screening of surfactants, as shown in Table
3, reveals thgt sonme are agll vabbAfmésewtAIRl fAvALLidD, prihrides; a24, 28,
and 30) and Sone are inhibitory (see 16, .23,, 27 _an |+ Fl 2
surfactants wer ePERRREH F¥7 pfrﬁfi’rl%é?ga%acfrﬂf’srias}.’ ?ﬁg g%(rg?%ic aéngtése gr g|2tol

NP- 4, Tween 80, Ditpxppstymsttydi-6et §+fkddoevkosinateysbhadn all enhanced

the PLE activity tOtﬂf%%?ﬂ%’J%qﬁgsﬁnﬁ¥&?3fﬁge eh2meNhaacenEdcdss rate is
end o

nost appar ent at °the thereactiion and 10 may be due to stabilization
of the enzyme andoppeisind dheoBtgPecPhitati on as well as an effect on

catal ytic effjieci ency. Exanglje d3kpdssifyRrCaimintiedeCboveistwre off ()
FTCButyrate in Bi-phasio n-Anyl Al ophol [\t e ] s ho1 Dhe quresence
of Tween- BO. Exaﬁﬁ%%szEﬁ?ﬁWﬁiﬁ§$¥m§§R§$eés oaﬁdgk%%ggﬁglg. %ﬁ%freaction
conditions and pegaeNivEmevarte at kensentraiiom o peskeen ahpat 1 and

non- homgeneous 3¥SLEM 50 "Rl iyt /YR aRe 50 Ahe HOmRBLABYenBud Systiallys PLE
solution { in an organic solvent system to produce an organic

20 component;
(b) providing an aqueous solvent system to

produce an agqueous component; and
(c) contacting said organic component and
said aqueous component to form a non-homogenous system,
25 under conditions which permit the enantioselective
conversion of one enantiomeric form of said
enantiomeric mixture to the corresponding alcohol;
wherein said hydrolase enzyme is
dispersed in either said organiq component, sald
30 aqueous component or said non-homogenous system;
wherein said organic component comprises
between about 5 and about 90% of said non-homogenous

system;



20 UmM) as the catalyst and the volunme of anyl al cohol and 0.3 M phosphate
‘buffer used are indicated in the table below Table 4, Exanples 31 through
34 Exanpl e313233342 5Anyl 4 nl4.5 ml4.75 ml9. 9 nilAl cohol Tweed-801 nm 0.5

m 0.25 ml0.1 nl8hoaphste5 nil5 nil5 ml5 mlbuffer 0.3M

OReao~i on1111ti me(h)i 10865Conver si on 31 JANUARY 2004?]*&F95%§§8%?es 35.
Conplimentary reductions in both enzyne and organi ¢ sol vent requirenents
The reaction conditions and procedures were the sane as in Exanple 1. The
non- honogeneous system 5 conprised 0.5 m of Tween 80 as surfactant, 0.3 ni
of Altus PLE solution (650 Um) as catallgst, and 2.0 ml of anyl al cohol
and 7.5 m of 0.3 M phosphate buffer were the sol vents. The non-honobgeneous
system conprised 25%r gani ¢ conponent and 75$% aqueous 10 conponent. After
48 hours, the extent of converéiehitifa§asosnetichaNRIeHPUScaVSpERidlFDf t he

remaining ester ¥as,9%ed bbBwbdd SRR ndt AwodMROH o@f shetlceany;me and
organi c solvent were reduced by approximately half 15 fromthe | evel used
in Exanples 31-3d with no | oss of product yield. Furthernore, the enzynme
r;blequi rement was only 25%of thathemgom seddi suEkeotEret tonEraphbborBa6-s39,

i octyl sul fosuccinat.e i oct vl SS),.as C X t hr ough
39 are shown Tn C‘P&ﬁ“el%ggTﬁas¥%a°§l itc%% gg%éllfn?l %ﬁggaér?gggrﬁéggghggga\%ere t he
same as in Exanpdymstem.The non- honbgeneous system conprised diocty

sul fosuccinate (D octyl S a R dudft QhvAhiysn PLE& @nzyne
sol ution (650 Um) in 8 %0223%55%33%3&%%29{6 buffer and 2 piof any

al cohol : 31 J/ANM9AtYer@oROD-homogenpys| & IRFOYE g, g Ght et

Exanpl e36373B89RRtnklcef8E0h f8roptorin]l @8teg208ing a hydrolase enzyme,

mgTi me( h) Conyer si on0Q0Q0155. 5993202225235. 5273239302140974845 10 Exanpl e 40
The reacti ontCorff™R 3¢ ™Ad procedures were the same as in Exanple 1. The
catal yst conprised 714 totla) anhydradfasgorpkymel i ver esterase (Sigma, st.

Loui s, MD). The non-homgeppoyis, ayshidkienbstepdsaifertie)- amyl al cohol as
or gani ¢ conponent and 50%). 3 M phosphate buffer agﬂg€;7.4 as aqueous

conponent. After 24 hours,(Ct ha? SEENL oLORBARER &1 s 50%and the opti cal
purity of the remaini ng egier anesqiebusdcompanghe. 41, Rate enhancenent with
| ow enzyme | oadi ngs 20 and anionio surfactant In addition to the use of
Tween- 80, the anionic surfactant dioctyl sulfosuccinate sodiumsalt, was
chosen to achbeve rate enfiintenamtobigstspénihis myaAntion £01BrP¥ide ng of

this surfactant j n,tfe 30825 SDRARRE QU8 SE&MeNESt il Erefit ah O
significant rate enhancenent. Reaction conditions included: 1 g FTC

butyrate, O0.4% ERagddioNgricr BixF¥Sol vent 1-pentanol, 2:8 sol vent ratio.
reaction carried out at 3@tCiéTalde 30 ob)ject oB1tWINUARENIO0OG4H £093 - 5
Tabl e 6, Exanrﬂeifg%ide a process for resolving a desired enantiomer

20 from an enantiomeric mixture of hydrophobic esters.

It is a further object of this invention to
provide a process for resolving enantiomers of anti-
viral compounds having Formula I above.

The most preferréd embodiment of this

25 invention provides a process for resolving enantiomeric
FTC butyrate (or where R is propyl, X = F and Y = § of

compound Formula I above).

Substrate loading entails dispersing an
enantiomeric mixture of a hydrophobic ester in an
30 organic solvent system'to produce an organic component. -
The concentration range expressed in units of %
(weight/volume of the non-homgenous system) is selected



% Conversion wth (x ng)SurfaatantTi meng surfactant(h)10 ng25 ngl00 ng20
‘ng, 00000155. 5993202225235. 5273234302140474845 Exanpl e 42, Surfactant effect
on enzyme | oadi ng and 10 organi ¢ sol vent concentration A preferred

enbodi nent of this invention includes an enzyne | oadi ng.40 4%
relative to FTC butyrate with a 10% substrate | oadi ng. %A jnAu'ﬁ%)éﬁgP&'
reactions were perforned on slightly larger scale to 15 nore accurately
determne the run to run variation and the effect of conversion on optical
purity. The results are shown in Table 7 below. Table 7, 5 g Scale
Reactions at Low Enzyme Loadi ngs (28 C; Ub% 1-pentanol, 5% Tween-80, 50%
aqueous) 20PLE (% Tween-80 (%9 Tine (h)Optical Purity (%e. e.

) 0. 62. 52695. 320. 652498. 390. 952496, 200. 4542>99. 0 é? As sho in T EI e 8,
reactions perfof ¥ e SIOHReFORFLERIRY Lfu&shges R Y'esd a:%%ﬂ"ﬁ 8'%‘. 3% enzyme

:qoadit ng ga;/eLhiQﬁg%dlﬁalwﬁyrbéywé%hlm_ 1t hacl)o%éllﬁndnﬁhrcmtl ;ﬂ?{l}%l;e 8. 1 g S(;g!ye
eaction at Low Enzyne Loadi ng i 0,1 pent ang 0 en- 80, 0
aqueous) 31 J]N\Uéﬁf‘ ?(Lg@li’ -gdj% %5&% a%%u% ég (h?g.&é‘?e‘t (%b(?uf 3/-'%931? 00.3
92595. B850. 3 93415utc8Me3 Ye8ReeB2abiut € Ofe andv ebbet e3Gfrefomrterednscri bed a
nunber of e .od']g&gg f 4 0LS,.Lnygpti ol | p q&{d tiRla oYk ; basi ¢
constructi og}g céan e%a%tngr ega{ﬂé %?gilikg%wcﬁeheragﬁgpe%o I ments which utilize
the processes aawd dospesine pbaytol 0% nd jahpakt P8R: Therefore, it will be

appreci ated that the scope of this invention is to be defined by the clains

appended hereto rather than by the specific  enbodinents whi.ch have been
presented 15 her ei nbef or é%§ &,59?6#%;&%{0&0@_1111@%1 gﬁ?\ltﬁ’ﬁ%4 - 45 C MB
We daim k progebserdtorsypitesscofgtiaishimant ioanxacepr seesiner oof For nmul a

usi ng a hydrol yse en wh [ n I d e i t i e: wherein:
R 80c O el ko€ S apgl EhEh oS SDCLALTE L SRRy BngahBEe WVFL
CHs, 0. 9. be, sxdWMEsaithapr faetbitaprdissodytiae efdfe of . (a) dispersing
an enaat ~oneri Cogdng v Ak ANxegker of Fornmula | at a cor~centration of

bet ween about 15 1 and about 25%émee$ﬁgh / vol usgg gf t he H._lr -horm%eneous
Systenm), in an organi c sdPvERE BFRE I FHECUGERCGH T yarit® C6FRBRENL : | b)
provsdi ng an' &osEbients aiyserissy st eiri s o preodiioa, apompissr LTEOMFONent ;
more C,-C; alcohols.
15 In the most preferred embodiment, the organic
solvent systems of this invention, comprise one or both
of n-amyl alcohol or 3-methyl-3-pentanocl.

In a preferred embodiment, the aqueous
solvent systems of this invention comprise water, one
20 or more buffering salts, alkalizing agents,
antimicrobial preservatives, stabilizers, filtering
aids, co-enzymes, or other excipients that facilitate
dispersion and function of the enzyme.
In the next preferred embodiment, the aqueous
25 solvent systems of this invention comprise water, one
or more buffering salts, alkalizing agents, or other
excipients that facilitate dispersion and function of
the enzyme.
In a next preferred embodiment, the aqueous
30 solvent systems of this invention comprise water, and
between about 0.0l and about 0.5 molar phosphate buffer
at a pH of between about 7.0 and about 8.0.



20 (c) dispersing said hydrol ase enzyne in either Bald organi c conponent,
'sai d aqueous conponent or both and (d) contacting said oxgani c conponent
and sai d aqueous conponent to form a non-honbgeneous Formula | z 31
JANUARY 2004 - 46 system wherein said hydrol ase enzyqﬁlﬁﬂ@m&kpiﬁbgctively
hydr ol yzes one enanti oner thereby producing a chiral non-tracem c ester of

Formula | and a non-racem c al cohol of Formula Il; NH2 x ~, NNd . . Tl C7
HO ~Y 5 Foxs~tula Ix whexe i.n Xa H or f; Y=CFi~ 0, S, Se, or NH 2.
The process according to claiml |, 10 wherein the ester of Formula | is

2- but yxyl oxyi net hyl - 5- (5-f | uoxocyt os~nT-yf8) =-1, 3-oxat ha.ol ane. 3. The
process according to claim1l, wherein the ester of Formula 1 is 15

2-butyry~.oxynethy|-5-(5-E%u rocytgsial-yl)-1, 3-oxathi qQl ane and wherein: a)
sai d organi ¢ component cofpr %%é*ﬁ%i&E&ﬁga%%%ta@“ﬁﬁﬁgﬁﬁbuﬁﬁﬁo@§8 °%%i d
non- honogeneous sistesit] sptems b hdrnisodpyentbors comtEmec orafeirses 20 bet ween

about 1 and aboyt %0 f : C hSh S RN C ration
is t 31 JANUA%?%%&% fabﬁ{# @g% gdlrﬁdataggqgaé'e%a%(ﬂlt eﬂ Vol umaeo? ﬁgg%

non- honogeneous aly st @i of Patwerncbontadedr pd @B tank- Sone of clainms 1, 2
or 3, wherein. said hydxol ase enzyne is 5 selected fromthe group

consisting of porcine liver esterase and,subtiljsin 5. The process
according td %l ai m9) whefBi #QHeF PRPHIEERE pb RS dnyent §§Piﬁ§%d enzynme
crystal. i 10 6.nhyHi®lREeCEeAsyRe Ciy diapgblle 6f aresdlvitiereeipaizaiod er osslinked
enzynme crystal is crqsslinked with glutaral dehyde. 7. . The process :
according to cleﬁqﬂqffomﬁéFéin sai d hydrol ase enzyne is an i mobilized
enzyme. 15 8. the processlncanetlian epbodineny ofhdris inyand iiopdr Bhese

enzyme is a sol 4RlH-ARE%Bnzvhe HIE APASEESOACEOSS Withd & Yadirmod. . Wherein
sai d hydrol ase enzyne is porcine liver esterase, 20 10. The process
accordi ng t ot@nyereRdigReEs hysan eneyge Satahered f S PEHiSHYRon- raceni ¢
ester is isol at ekadota@nseith onganmantispenent .
In a preferred embodiment of this invention,
the hydrolase enzyme is capable of resolving a pair of
enantiomers by én enzyme catalyzed stereoselective
15 conversion of one enantiomer.
In the most preferred embodiment of this
invention, the hydrolase enzyme is capable of resolving
a pair of enantiomers by the enzyme catalyzed
stereoselective conversion of the (+) enantiomer of 2-
20 butyryloxymethyl-5-(5-fluorocytosin-1-yl)-1,3~
oxathiolane (or where R is propyl, X = F and Y = S of
Formula I above or FTC butyrate).

In one embodiment of this invention, the
biocatalyst is an enzyme.

25 In another preferred embodiment of this
invention, the enzyme is a hydrolase.

In a preferred embodiment of this invention,
the enzyme is selected from the group consisting of
esterases, lipases and proteases.

30 In the most preferred embodiment of this
invention, the enzyme is selected from the group
consisting of porcine pancreatic lipase ("PL"),



11. The process according to any one of claim1. 2, or 3, wherein said
chiral noa-racemc 25 alcohol is isolated from said aqueous conponent.

31 JANUARY 2004 - 49 consisting of cationic surfactants, anionic
surfactants and non-ionic surfactants. 19. The process,ac cl aim
1B, wherein said surfactant is selected fromthe group3gdggﬁg¥€??§€?(ﬁ

gl ucose-oxycholic acid, octyl ~~-gluco-pyranoside, dioctyl sulfosuccinate,
deoxychol i c acid and al cohol ethoxylate. 20. The process according to clam
19, wherein said surfactant is dioctyl s étosuccinate. 10 21. The process
according to claim3) wherein said surfattant i 5 added to said organic
conponent. 22. The process according to claim3, wherein said surfactant is
added to said aqueoys 1S coy onent..23. The process i to claim3,
wherein said su Fﬁﬁaﬁmﬁ“? TE§E8°t BRI Y !%gﬁﬁgﬁﬁgz%%gﬁéﬁéséggﬁi%’24. The
process accor di pgbt Dl s, mck, pd@civherkiversaistesaséattBiR")is fornulated with
sai d hydrol ase enzyne 25, The process according to any one of clains 1, 2
or 3, wherein said aqueous solvent s sten1co rises water and excipients
sel ected fromthe group 3 coeseBPPAFIeit ff £ ﬂﬁngnﬁﬁm¥%PnQNQHﬂ i zi ng

agents, ' anti - gk G£Ph BYstPriQS a¥ak! t’@sfthétr@hl-hbﬁs éﬁoﬁsléﬁudm:aftu, 31
JANUARY 2004 - 50 aids co-enzynes XCI hga b faC|Itat di spersi on
e gﬁéi

and exci pi ents Fhataﬁ%&94§t99ﬂ?°P6ﬁEt ?NF %r ocess
according to cIaamﬁémembakemmk&aadnaMﬁhnmngemohseayssgmten1conprlses wat er

buffered with phosphate ffer Leake tonl a27- The
process according to clai pa t%%ér%ﬁg$éiﬂ%§ agge%uggs Vent: 83 sten1

conpri ses wat er bbaéétakystniish agdedi ho-the iprgestgnehage fag By @fanedi ol .
28. The processﬁhéccé¥§gﬁﬁk165m§8ﬁeﬁﬂebéfoﬁ3 @B aduedud’ canpiuiteiin said

condi ti ons whic erm enanti ose] ective conversi on of one
enant i oneri ¢ foP?ﬁ‘E?C%%ﬁl Fidha Hhro REFRREC (HOMPOPERE o TP BB KD 1 9%Bndi ng
al cohol conprlsgoﬁogéﬁauﬁéﬁyﬂtémof bet ween about 5C and. about 45C. 29 The

process according to clai r?roﬁ%m?ngég éﬁﬂéﬁi %g@Phg ggf%gﬂgﬂ%o ri ses one

or nore solvents selecte group consi st d .AS. A
LA A% A A2, A AeARidcardlystA isAssidgd AER e aqueous phase to create

A A2. A E. AF2. Aﬁhpﬁgﬁébdégd@qganénk @fﬁéf“ﬂheA|Xﬁboﬁ¥+c6ﬂ%bﬁ§hﬁﬁﬁée A

CAQrY. A, . A@%Y AY E . A
@ con acted with t%% org n1c componentAgutA%efore

agitation and nixing to make a non-homogenous system.

In the most preferred embodiment of this
invention, a biocatalyst is added to the aqueous phase
to create an aqueous component before the aqueous

20 component is contacted with the organic component to
make a non-homogenous system.

In one embodiment of this invention, the non-
homogenous system used in the process to resolve
enantiomeric mixtures contains surfactant. The

25 concentration range of surfactant in % (weight/volume
of the non-homogenous system) is selected from the
group consisting of between about 1 and about 30% of
surfactant; between about 1% and about 20% of
surfactant; between about 1% and about 10% of

30 surfactant; between about 1% and about 5% of
surfactant; between about 5% and about 30% of
surfactant; between about 10% and about 25% of
surfactant; between about 15% and about 25% of




A Z - -IAA5 -C

E(E(((LH# #. g2 CP7~| ~2~2~~~| ~| | 22~2>2>22575752225>225>2~227~222222222227° <2777
272227>~2| ~| 2~22x222=22227 2288222722222 24 02 2222222222222 22| x| | | | | ?| ?| ??| ?
2929277~727" 222259555558855 iakh’ 40842 "2 0¥ e ap2at 7368 ar | ™I 1| | <22229292
2222222272222 22 BUrfagtprR - -and ~ between-akout- | 58 jang~aBouB-Lpd oL f 0S: Si ) *) w45
*)C : :

mm(m#.#.<~~||<?f?f53$%33t???~8??????7~?????~~ 2222227272 | ?| ?| 22?22222?227x0227
27~8222227222>>>>>>>>~>~>18 qnec egpbodiment, 9f |4*1115| EP]"FPHQ‘}%N}% << 1T

LETTTTTTTT ] o] |dn|z|y’l?n|el [D{sgi}rghdoﬂﬂHéliﬁ?flﬂ?eﬁr@?ﬁt’a"%'ﬁi&?.gzgg???‘ ;>~~>> ~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~ 7~ ¢ ¢ X ¢ X _~ _~ A 7 : . .
(#. #. 2222~ | ogoo'7'7'7'7'7'7'7oiyn)%}i‘>e~f§£$£§?%6‘p~n}i<9;oggi5?ifg‘f;e_}bt}%<>?‘ 8~28~

?2~??~?| 78" >| x| | 2He?BR29me 20 AB? RPRAR?GE 72~ X oBSVARRRA?QRZVMR 72727 7>7227772?2727

2555555555555 ss sy o> Rl 0 PR < AR AR RRAA AT WK 227777777
s

| >>2222222222>>55232224] <<<é<|k | LT LLTTTITT 17T 2222222227
277771 W95 YCpatent application WO 92/ avia et al.]).

@q @*. #. 8X??1?0??????????????1??&1%?%%%%>EHB?éfﬂ'e?i’%?t@)%&iﬁ\%ﬁ??8f?1?1?f§"'"'“'"'?“'?“'?3?
s???2?08 ?>~??~~~~~| 13???%?~?X? P77 27?72797272727?7?07?72727272727?2?7<022px2; t 5 MC

(#. #. 222222222239780L 40D, Ehs; angyne, LOIM 18 thpd, 95, 85688550 bLad 55095094 2p0p
| 2282~2?p?| | | | | dizsp@aRion-cros212ARaAPREOSIBUstaly<8uzh|as<<ddy | || ]]]]] <
L= 722722727 2 G | e iBed T PR Hebek b LA 77
La} xr ngb\ W ca] c’08/d&] 32 a]Mandaddnc €tcaleh] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cyg] ca] c"a] cPa] fPl" absel ﬁf@ﬁé‘rred embodiment of this

AEU[ %H\ gh} xrmhc”Y] ] ca] ca] ca] ca] ca] c”a] {lg] C

a] ca] ca] ca] ca] cAPYEPEAPRA] R CHPEYRY L8] TR XIS F8FRa] cna] cal] cal] ca] cau
]ca

MP\ ] bf i Sci =>eqg"' ) >D} xsni d_. ]cn%a}e%})gﬁ}\&q,} cg% Cﬂ-]icsa] %Q,]egzghgﬁl cglggl calcalcajc
a]J ca] ca] ca] ca] ca] ca] ca] caJcalca]caJcaJcaJca]ca ca]ica! .

U TTHET W Y " " hioh#hamegencilss \Byiskempvweomerid g dgtoigedapbartal €tjand caj cnal ca
] ca] ca] ca] ca] calyey] saksrl & ddarponahed] coh calsalanladlovahent caf cada] ca! | #ni#
#$$+$7$8%: el $~$$$$$ $$$‘V&8@;+, -- % & .évqkf ) ZL%%:‘% c"agc"aéca%c’\egé ca]ca) ca
] ca] ca] ca] cA%alRXEREFRRY SAThPORTBONREFRATS £ ¥ CRFRATE8) RETHSER

U] cMa] ca] ca! . . HaBoutnl @ C&itd ardn@0002) @ngdl ¢l | chprHotedit6 668666} xsmhc/ X{ vgkf °
Z N N N N N N N
G L s e e et e Heplen )
=={vql ga[ U{ vakf aBoht"apt arjd edock] 8% cayganta]eomrjairesitca] ExpRape®g ca] c a] c”
a] ca] c”a] ca] ca] Eglﬁg§Lss C a1 AR RbROGE RS S "R s> TonPrI8e>>>7"?
?3???@A?B?C?D?E?F?J?/27a7?b?c?n?K@Q @ u AYS| ag vgKf ] c’\aLcaLc’\a] c™a] cha] ca
} ca] caDs] Ca]?éaDBetween about 30% an aggut 70 r anql.c component. "In

] ca] caD] ca] caDf heak¢ahcadfa]nalfealked] efisdaimdnt alsxlial edal-bahodenend ca\ @AOA

AADDFDL DQDe DDD" E#EEEEEEEEEE2F3F) FEEE. G [ VK A
cal c”a] (E:)S]Dg’\a] cAAFERYF ST IES S’]tggf{:ga%é;‘%:}&(:%‘ aa{r!:cﬁ%%?}gg?%g 1:;] 2}3?2}\ ;ﬂ:;ﬂ:

ajca] ca organic component. In another preferred embodiment,

j d GCGHHHHHHHHH L L 'tq,ﬁu% Kk ca] cal ca
J] ca] ca] cabD~] ca] ggﬁgg#é%%%%%gg] éggﬂggl}%a cal ca éégﬁlaca ga%gﬁﬁzgﬁca] I:aD} ca
] ca] ca]-cal] ¥ <RnRSERRSe §Q3/waganic component. In a further
XXXV ErkEL b ibainchts N1 ] o) ot sdebakeab oal oa] cal cal ¢
a] ca] ca] ca] ca] caf caJ ca ca? cal ca] cafca%ca] ca%’ca] cal cal] ca] Cal ca]ca]ca! HcXc_c
cc"dMghiii'i 3i pCPRRPES ¢ RSSO RERBL 0683 030 Y itH 7#%8]’@&}"&8] calcalcalcalc
a] ca] ca] ca] ca] cabmpbsenea] cal ealiaa] aadvtker cpne tadrad cadodlinshep] s@ldal cal ca
] ca! ooppqqgrsrtrzr{rrrrrPs(s] s"ssSssSs;
t<tH Ittttt2u3u?u{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cMa] ca] ca! 2Zu@uuuuuuuuEvCxxx"y
Cz
{E{Z>{ % E:{ d{{~Bax} xsnid_Z] c]]ca] ca] ca] ca] ca] ca] ca]ca] ca] calJca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca! x
42qr 8D} xsni d"Y] c] ] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca




H JzbHl!, g 10"J"J ' 10% & ()--'' 10% & ()--' 10% & ()--Ls10% & ()- mlo% & ()-
10" 3" JJ} ~x"?1!, g

10' 10% & ()--' 10% & ()--'" 10% & ()--' 10% & ()--'' 10% & ()--012hi }"F1l g
10' ' 10% & ()--' 10% & ()--"' 10% & ()--' 10%&()-- iju]C

10' 10% & ()--' & 10% & ()--)' 10% & ()--' & 10% & ()--)' 1 %"@% Tfr?%wml
10' 10% & ()--'10% & ()--''10% & ()--' 10% & ()--' ' 10% & ()-- QG cD1!,

10' 10% & ()--"' 10% & ()--'" 10% & ()--' 10% & ()--'"' 10% & ()-- 01} ~F1l g

10'('10%&'()--'10%&'()--"10%&'()--'; 0 &_‘()--'14KLI\/[|}u]Cl!,g
10" 10% & ()--' & 10% & ()--)' 10% & ()--' & TO% & ()--)' 10% & ()--} xA?1l,g
10’ 10%5'&(6-'10%&()-- 10%/&()-- 10% & ()--" 10%|&'()-- | $YZ[ } AFLL, g
10" 10% - !

10 10% & () --" o b O(“%gem%‘g %éé 3 cEithdsl) b ()--%f’(?%ugf' 0229 mxaail |
g 10' 10% & () - -' AWt 2 Dr%E%&C?I}POﬂem%& ()--"'10% & ()--}"Fl!,g

10’ 1024&&6)"&120044&&(6- 1(300/%&()-- 12%1§'()-- GHKU] ClA; ( o

10" 10% - 0 ~-)' 109 & 10% & g XA 211

10' 10% & ()--' 10% & ()--" %o ‘}‘égd’ﬂﬁ%t&pg tnid Jd%}’eé‘ o, %” BCDE~ ]PCGl

OB+10B+%iOB+- processes for resolv1ng a desired enantiomer are

5109848 (59 LA b ap%&&@zma&é G hopp il dblde”RERLOBLE10% & ()

- 10% & ()--
zm%ﬁ& ()- /o3esﬁmh&19w&p(yoma@ Ang ©F- Rekween &I{C)uh_@mw&d() &L&10% &

) 5l 810% & () - LEL0% & L, SLEA0E & (L1008 & 1) - KLOMVIBLEL a0 ) - Lalovs
& ()-&L&10% & ()3110&‘1'300?6& (FDRL P %6&‘) 55 lg g&@é%éf’&%v/\ggcig %1‘%99“@() gL&d
0% & () - L&10% & 45°C8( b‘éth&iP&ﬁl&lOP)@"& 6116l SUBAL09645° ) - ELVBGE! a(k)ou@aL&lO% & (

)-sromooxoRaiite i o P Bth Ty Bihohd PRt

2", , &1099$9&' () betwesr0 &PF)15 C and about between about 1
| +pl09X&& () - L&LL &b@ht&béi@ﬁﬁemeé;&k@)%& {3eP@RACaboULA38°Ef 3

TL0%E 83K () - 10QEFHESEO FOSNELARS IS s 3" Sotio PETRap). grout

T 99YA09N-N& () - %%awt)ssacs 10% $i & ()- D'°3 " 10%1%l& ()- 13
'10% % & ()-1@""""""1#vUs ? 10%- S& ()- 10%/&()

1090&’ () - LON-&NLON~E&NLON-EN . * &l +109\&N&’ (

& +10% ~& & X3 - L####$$$$| [P am%#em@wbe)hmﬁntfquﬁwoys

, FOd0%& ()-9 Y&%@Q%E&t(ﬁs@dr1&0@ﬁ§@ﬁidaESse§08E9ﬁﬁhd)rﬁHEHEEE%%bAAlO@b

L10%& (). | 10%XEvg FRIALY
Z109%X&&' () - 11)%16?%5 £ 25| f‘tAiiéaf‘%i% / "g‘\f""{‘%’o%@/@%i@ nong
10% $1 & ()-' $ HceuBRnpps sysoem#& ()-' Q 10%<K& ()-" *+++ttt, m U0

(3109658 ()-  10%5S& 0 OEAOX&HA
109%E& () - . ()vﬁélg@“sgh& Sk ré@e%{@gﬁe}ﬁ%o%mv& Oy é& 10983S&’ () -,

*31004 { & ()20 I@GBlf@%ﬁl &O{r‘yonen‘emmcﬂ&l (t)he processes o
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sald non-homogenous system.
In the most preferred embodiment, said
aqueous component used in the processes of this
25 invention comprises at least 90% (volume/volume) of
said non-homogenous system.

homogeneous

In one embodiment of this invention, said
process for resolving a desired enantiomer is carried
30 out in a non~homogeneous system comprising a
surfactant. When a surfactant is part of said non-
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. The reaction scheme for resolurion of an

20 enantiomeric mixture is illustrated in the reaction
shown in Scheme % tinfra; page 23), where the
substrates were either, acetate, formate, propionate,
butryrate, pentanocate or other n-alkyl and branched
‘chain or aryl esters of FIC, or derivatives of such

25 esters of FTC and the organic co-solvents were any that
werenot more than about 50% water miscible alcoholic,
alkane, aromatic, ketone ether, nitro, halo-alkane or
aromatic organic solvents, such as n-amyl alecohol, iso-
amyl alcohold, tert-anmyl alcohol, 3-pentanocl, 1- or 3-

30 heptanol, 3-methyl-3-pentancl, 4-methyl-2-pentanol, 3-
ethyl-3-pentanol, 1- or 2-butanol, nitromethane,
dichloromethane, methyl isobutyl ketone, dimethyl
sulfide, sulfolane, and ozhers.
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Schema 1
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NH, NE;
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R 1s Cy~Cy alkyl, alkenyl, or alkynyl:; X = H,
20 or F; Y = CH,, O, S, Se, or NH; the
biocatalyst can be either soluble enzyme,
immobilized, or the cross-linked enzyme
crystal form:; the organic co-solvent can be
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' May, 1990]. :
The choice of which particular enzyme is best
20 for a given substrate pair is determined by treating
samples of the enantiomeric pairs with various enzymes
such as porcine liver esterase, porcine pancreatic
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lipase, lipases from Pseudomonas species (PSL) and
lipase from Aspergillus niger (ANL), and proteases such

25 as subtilisin or a-chymotrypsin. After treatment of
the enantiomeric mixture with the resolving enzyme, the
products are isolated using standard extraction or
chromatography procedures. The enzyme producing the
greatest enantiomeric excess of the desired product

30 should be the best candidate for use in the process.
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conditions for the reaction. In a biphasic system, the
5 choice of organic solvent must be determined. The
| optimum organic solvent can be determined by treating

samples of the enantiomeric mixture with the selected
enzyme in the presence of the same amount of an array

_ of not more than about 50% water miscible organic

10 solvents. Particular solvents include any not more
than about 50% water miscible (solubility less than 50%
in water at room temperature) alcoholic, alkane,
aromatic, ketone ether, nitro, halo~-alkane or aromatic
organic solvents, such as n-amyl alcohol, iso-amyl

15 alcohol, tert-amyl alcohol, 3-pentanol, 1- or 3-
heptanol, 3-methyl-3-pentanol, 4-methyl-2-pentanol, 3-
ethyl-3-pentanol, 1- or 2-butanol, nitromethane,
dichloromethane, methyl isobutyl ketone, dimethyl

_ sulfide, sulfolane, etc. Following treatment of an

20 enantiomeric mixture with the resolving enzyme in the
presence of equal amounts of various solvents, the
products are isolated using standard extraction or
chromatography procedures. The solvent/enzyme pair
producing the greatest enantiomeric excess of the

25 desired product should be the best candidate for use in
the process.

The relative quantity of the selected organic
solvent should also be evaluated in order to achieve
the best results. To do this, a similar procedure as

30 described above is followed. Using a particular
enzyme/racemic mixture, the ratio of the selected
organic solvent/aqueous solvent is varied in a manner
such as the following: 95:5, 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and 5:95,
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({organic solvent): [aqueous solvent]). Identical

samples of an enantiomeric mixture are treated with a
standard amount of a particular enzyme in the presence
of varying ratios of organic solvent to aqueous solvent
5 for a set time. The total volume is kept constant.
Following treatment of an enantiomeric mixture with the
resolving enzyme in the presence of equal amounts of
various solvents, the products are isolated using

_ standard extraction or chromatography.procedures. The

10 solvent system/enzyme pair producing the greatest
enantiomeric excess of the desired product should be
the best candidate for use in the process.

Alternatively, for some racemic
mixture:enzyme: organic solvent combinations, enzyme

15 activity may be enhanced and organic solvent levels
reduced by adding surfactants to the reaction. In
order to evaluate whether a surfactant should be added
to a particular process. Some variation of the
following process may be pursued. First, a surfactant

20 is selected by treating samples of an enantiomeric

-mixture with the selected enzyme and an array of
surfactants in the presence of a non—homogeneous system
composed of a not more than about 50% water miscible
organic solvent and an aqueous solvent. The system

25 should be one which is compatible with carrying out the
reaction in the absence of a surfactant. Examples of
surfactants include the Tweens, such as Tween 20™,
Tween 80™, Prionex™, Teepol HB7™, Tergitol TMN-6™,
Tergitol TMN-10™, Tergitol NP-4™, Tergitol 15-S-3™,

30 Igepal CA-630™, Tyloxapol™, Glucode-oxycholic acid,
octyl B-gluco-pyranoside, CHAPS™, dioctyl
sulfosuccinate, or deoxycholic acid. Following
treatment of an enantiomeric mixture with the resolving
enzyme in the presence of a biphasic solvent system and
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a constant amount of various surfactants, the products
are isolated using standard extraction or
chromatography procedures. The solvent/enzyme/
surfactant combination producing the greatest

5 enantiomeric excess of the desired product in a set
time should be the best candidate for use in the
process.

The surfactant may be added at a

concentration or range of concentrations depending on

10 how many samples can be processed at one time. For a

given solvent/enzyme/ surfactant combination, the
optimal surfactant concentration should be determined.
One of skill in the art will appreciate that an array
of independent reactions should be set up, differing

15 only by the concentration of surfactant. For example,
'the reaction may be carried out using PLE in 20%
pentanol and 80% Tris(hydroxymethyl)aminomethane or [2-
amino-2- (hydroxymethyl) -1, 3-propanediol buffer at pH
7.4. Ten identical reactidns may be set up, having the

20 following surfactant concentrations: 1%, 3%, 5%, 7.5%
10%, 12.5%, 15%, 20%, 25% and 30%. Following treatment
of an enantiomeric mixture with the resolving enzyme in
the presence of a biphasic solvent system and
increasing surfactant concentration for a set time, the

25 products are isolated using standard extraction or
chromatography procedures. The solvent/enzyme/
surfactant combination producing the greatest
enantiomeric excess of the desired pfoduct in a set
time should be the best candidate for use in the

30 process.

Surfactants useful for carrying out this
invehtion include cationic, anionilc, non-ionic ot
amphoteric, or mixtures thereof. The preferred
surfactant will depend upon the partidular enzyme
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and/or substrate COmponents. Such screening procedures
are well known to those of skill in the art.
Illustrative screening processes are set forth in
Examples 14-30.

Examples of useful cationic surfactants
include amines, amine salts, sulfonium, phosphonium and
quarternary ammonium compounds. Specific examples of
such cationic surfactants include:

Methyl trioctylammonium chloride

(Aliquat 336)

N,N',N'-polyoxyethylene (10)-N-tallow-1,3-
diaminopropane

(EDT-20,' PEG-10 tallow).

Useful anionic surfactants include, for
example, linear alkylbenzene sulphonate, alpha-olefin
sulphonate, alkyl sulphate, alcohol ethoxy sulfate,
carboxylic apids, sulfuric esters and alkane sulfonic
acids. Examples of anionic surfactants include:

Triton QS-30 (Anionic)

Aerosol 22

dioctyl sulfosuccinate (AOT)

Alkyl Sodium Sulfate (Niaproof):

Type-4

Type~8

Alkyl (C9-C13) Sodium Sulfates
(TEEPOL HB7) .

Non-ionic surfactants useful for
stabilization include nonyl phenol ethoxylate, alcohol
ethoxylate, sorbitan trioleate, non-ionic block
copolymer surfactants, polyethylene oxide or
polyethylene oxide derivatives of phenol alcohols or
fatty acids. Examples of non-ionic surfactants
include:

_Polyoxyethylene Ethers:



<1098& ()-F <1098& ()- mvt VUSF <1098& ()-F <1098& ()-F <109& ()-F
<109%& () - 5WZMF <109%&' ()-i M vUSE <10%& ()-F <10%$& ()- 5\WZMF <109%& () - F
<1096& ()-F <1096& ()-"& ) vUSWZMF <109%& ()-F <109& ()-F <109%& ()-F
<1008& ()-F <1098& ()-' ()*+ @E|[: WM @ 10% ()- @ 10%8) (ANUABKLEWEE () - @
Z109%&' ()-10$10$10$F <1008& ()- EHNVY\ __ 2| [: WM ¢ X10%&' {)-c X100& ()-c
X109&' ()-c X10%&' ()-c X10%& ()-c X10%& ()- “dehn~IL,|[:c X10%& ()-c
X109&' ()-c X109%&' ()-:ci M X10%&' ()-c X10%&' ()-~c'|:ci Mk X10%&' ()-c
éiggg 8 C X109 ()-c XL0%& ()-c X10%&. (Jg RT8CI Mac XL10%& ()-c X10%& ()-c

-C

4 lauryl Ether (Brij 30)
23 lauryl Ether (Brij 35)
Octyl Phenoxy polyethoxyethanol (Tritons):
Tx-15
5 Tx-100
Tx-114
Tx~-405
DF-16
. N-57
10 DF-12
Cr-10
CF-54
Polyoxyethylenesorbitan:
Monolaurate (Tween 20)
15 Sorbitan:
Sesquioleate (Arlacel 83)
Trioleate (Span 85)
Polyglycol Ether (Tergitol):
Type NP-4
20 Type NP-9
Type NP-35
Type TMN-10
Type 15-8-3

Type TMN-6(2,6,8, Trimethyl-4-
25 nonyloxypolyethylenoxyethanol

Type 15-5-40.

After selecting a suitable surfactant, the
ratio of organic solvent may sometimes be reduced
significantly without losing product yield or

30 enantioslectivity. One of skill in the art will

' appreciate that one such procedure for determining how
much to lower the organic solvent is as follows: Using
a particular enzyme/racemic mixture/surfactant
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combination the ratio of the selected organic solvent
to aqueous solvent is varied as follows: [% organic
solvent: % aqueous solvent), 95:5, 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and 5:95, and
5 other ratios as required. Samples of an enantiomeric

mixture are treated with a standard amount of a
particular enzyme in the presence of varying ratios of
organic solvent to aqueous solvent and surfactant for a

. set time. Following treatment of an enantiomeric

10 mixture with the resolving enzyme in the presence of
equal amounts of various solvents, the products are
isolated using standard extraction or chromatography
procedures. The solvent/enzyme pair producing the
greatest enantiomeric excess of the desired product

15 should be the best candidate for use in the process.

An additional consideration for carrying out
the process of the present invention is the cost of the
enzyme per unit of product produced. The present -
invention is directed to reducing the enzyme

20 requirements of the process on a per unit of product
basis. In one embodiment, the amount of organic
component is reduced in the non-homogeneous system. In
another embodiment, a surfactant is added to the non-
homogeneous system to further reduce the amount of

25 enzyme required and further reduce the cost of
operating the process.

The present invention is particularly
directed to enzyme reactions wherein the substrate
comprises a hydrophobic ester. The present invention

30 is additionally directed to enzyme reactions wherein
the substrate is relatively insoluble in aqueous
solutions. The use of a non-homogeneous system having
incompletely water miscible organic co-solvents



X109%&' () - ¢
X10%&' ()-c
X109&' () -c
X10%: ()-c
X10%&: ()-c
X109&' ()-c
X109%&' ()-c

X109%&' () - ¢
X109&' ()-c
X109&' ()-c
X109%&' ()-c
X109%&' ()-c
X109&' ()-c
X109&' () -c

X109&' ()- MNOPQT8c Xc X109%&' ()-% X10%&' ()-c
X109%&' () -; ci MGQRSVW P4c X109%&' ()-c¢ X10%&' ()-: ci Mcc
X109&' ()-tTc X109%&' ()-c¢ X10%&' ()-c¢ X10%& ()-c
X10%&' ()-c X10%' ()-pT8c X10%&' ()31Cy Rg@ﬁ(@y(gbog
X109&' () -; ci MapP4c X10%&' ()-c X10%& () -

X109&' ()- pTc X10%&' ()-c¢ X109%& ()-c x10%&' () c

- 31 -

provides improved solvation for hydrophobic esters and

other hydrophobic and insoluble compounds as compared

to systems using water miscible organic solvents.

In order that this invention may be better

5 understood, the following examples are set forth.

These examples are for the purpese of illustration only

and are not to be construed as limiting the scope of

the invention in any matter.
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EXAMPLES

Example 1, Porcine Liver Esterase Catalyzed Resolution
of FTC butyrate _ |

Racemic FTC-butyrate (1.0 ¢g) was dissolved in 5.0
ml of n-amyl alcohol by heating to 75 °C for 30 minutes
to make an organic component. The orgahic component

was then mixed with an aqueous component comprising 3.8

ml of 0.3 M pH 7.5 phosphate buffer and the non-
homogeneous system was allowed to cool to 35 °C.
Porcine liver esterase solution, 1.2 ml of 650 U/ml
Altus PLE solution (Altus Biologics, Cambridge, MA) was
then added to the aqueous layer and the resulting
suspension was stirred with gentle agitation. The
temperature was maintained at 32 °C by an external
water-bath. The pH was maintained at 7.5 by the
addition of 50% aqueous sodium hydroxide as necessary.
The optical purity of the unreacted (-)-butyrate ester
and the (+)-FTC alcohol product were monitored by HPLC
analysis using a chiral stationary phase column. After
24 hours, the (+)-~enantiomer of the FIC ester was
completely converted based on HPLC analysis as
described below. Extraction of the unreacted ester
from the organic phase and evaporation of the organic
solvent gave the desired (-)-FTC ester. The recovered
yield was 89.4 % based on the single (-) enantiomer and
the optical purity was greater than 99 %.

Procedures
Chiral HPLC conditions : CHIRAPAK® AS; 0.46

cm X 25 cm HPLC column (Daicel Chemical Inc.), mobile
phase = 100 % acetonitrile, flow rate =1 nl/min., uv
detection at 260 nm. Retention times: (-)-FTC
butyrate, 6.2 min.; (-)-FIC, 7.4 min.; (+)-FIC
butyrate, 8.8 min.; and (+)-FTC, 11.4 min.

, T
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Enzyme activity was determined by the
conversion of ethyl butyrate using a Radiometer pH-stat
apparatus to follow the production of acid. Ethyl
butyrate (40 ml) was added to 20 ml of 5 mM boric acid
(pH 8) and stirred at 25°C until dissolution was
conmplete (10 minutes). PLE was added and the pH was
maintained at 8.0 by the addition of 0.01 N NaOH. The
rate of acid production was determined from the rate of
base addition over a period of 5 minutes.

Enzyme stability was measured while the
reaction was in progress. Measurements were performed
by periodically removing aliquots of the enzyme
solution and determining the activity using the ethyl
butyrate assay.

Example 2, CLEC™-PLE catalyzed reaction of FTC butyrate
in B83% of n-amyl alcohol (or 3-Ma-3-pentanol)/aqueous
mixture

The reaction conditions and procedures were
the same as in Example 1, except the volume of
phosphate buffer was 1 ml and the volume of the organic
component was 8.3 ml. The conversion was 38% for n-
amyl alcohol and 25% for 3-methyl-3-pentanol after 36 h
(see Table 1, Reactions 12 and 13).

Example 3, PSL-catalyzed reaction of FTC butyrate in
50% n-amyl alcohol/aquecus mixture

The reaction conditions and procedures were
the same as in Example 1, except that 100 mg of soluble
PSL-30 (PSL-30 is PS30 from Amano) was used. The
conversion was 56% after 24 h and the (~)-enantiomer
was preferentially hydrolyzed. The optical purity of

()-
()-

D

D5WZ2
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the remaining ester was 92% at 56% conversion (see
Table 1, Reaction 21}.

Example 4, ANL-catalyzed reaction of FTC butyrate in
50% n-amyl alcohol/adueous mixture

5 The reaction conditions and procedures were
the same as in Example 1, except that 200 mg of soluble
ANL was used. The conversion was 45% after 36 h. The
optical purity of the remaining ester wags 63% at 45%
conversion (see Table 1, Reaction 22).

10 Example 5, PLE-catalyzed conversion of (i)~FIC butyrate
in 20% of isopropanol (or other water-miscible organic
co-solvents) /aqueous mixture with 2% substrate
concentration '

The following example illustrates the state

15 of the art using high amounts of enzyme catalysts in a
homogeneous system. To a solution of 1 ml of Altus PLE
solution 650 units/ml from Altus Biologics, Inc. in 39
ml of 0.3 M phosphate buffer (pH 7.5) was added 10 ml
of 10% FIC butyrate in isopropanol. The resulting

20 mixture was stirred at 24~26°C and the reaction
progress was monitored by HPLC. The conversion reached
51% and the optical purity of the remaining chiral non-
racemic ester compound was greater than 99% (48%
chemical yield) after a 22 h reaction. These results

25 are based on HPLC analysis of the remaining chiral non-
racemic ester compound. The aqueous layer included
hydrolyzed products (+)-FTC and (-)~-FTC. The ratio of
(+)-FTC and (-)-FTC was 96.6 to 3.4. The organic layer
was evaporated to give 0.457 g of (~)-FTC butyrate.

30 A similar reaction was performed by using
other water miscible organic co-solvents, including
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acetonitrile, DMF, l-methyl-2-pyrrolidinone, methanol,
ethanol, tert-butanol, DMSO, pyridine, di(ethylene
glycol)methyl ether, PEG. 200, and PEG 600 etc.
Acetonitrile gave the same high enantioselectivity as
5 isopropanol and required similarly large amounts of
enzyme. All other solvents gave lower
enantioselectivity than isopropanol.

Example 6, PLE~-catalyzed conversion of (+)-FTC butyrate
in 20% of isopropanol/aqueous mixture with 5% substrate
- 10 concentration
To a solution of 2.5 ml of Altus PLE solution
650 units/ml from Altus Biologics, Inc. in 37.5 ml of
0.3 M phosphate buffer (pH 7.5) was added 10.0 ml of
25% FTC butyrate in isopropanol. Under these
15 conditions, the substrate was incompletely dissolved.
The resulting mixture was stirred at 24~26°C and the
reaction was monitored by HPLC. The conversion reached
60% and the optical purity of the remaining ester was
74% (38% chemical vield) after 96 h reaction time. The
20 enantioselectivity was much lower than the reaction
with a 2% substrate concentration.

Example 7, PLE-catalyzed aonvarsion of (+)-FTC butyrate
in 30% isopropanol/aqueous solution and a 3% substrate
concentration

25 To a solution of 1.5 ml of Altus PLE solution
650 units/ml from Altus Biologics, Inc. in 33.5 ml of
0.3 M phosphate buffer (pH 7.5) was added 15 ml of 10%
FTC butyrate in isopropanol. The resulting mixture was
stirred at 24~26°C and the reaction was monitored by

30 HPLC. The conversion was 8% after 2 h and did not
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increase after that. The enzyme rapidly lost all
activity in the 30% isopropanol.

Table 1 summarizes the results of resolution
reactions of FTC—butyréte with various enzymes in
biphasic non-homogeneous systems comprising various not
more than about 50% water miscible organic solvents and
aqueous buffer solutions.

Table 1: Resolution of an enantiomeric mixture of FTC-

butyrate with various enzymes in various biphasic

systems"
Rxn | enzyme co-organic solvent time conver- ee(%)® stereochem
) sion(%) ester preference
1 PLE~-C® | n-amyl alcohol 24 52 >98 (+)
2 PLE~I® | n-amyl alcochol 36 53 >98 (+)
3 PLE-5° | n—amyl alcohol 24 52 >98 (+)
4 | PLE-C | iso-amyl 36 52 >98 (4]
alcohol
5 PLE-C tert-amyl 36 37 59 (+)
alcohol
6 PLE-C | 1-butanol 24 12 10 (+)
7 PLE~C -2-butanol 24 7 7.5 (+)
8 PLE-C 3-pentanol 36 40 67 (+)
9 | PLE-C | 1-heptanol 36 39 64 (+)
10 | PLE-C | 3-heptanol 36 39 52 (+)
11 PLE~C 3-Me-3-pentanol 36 53 >98 (+)
12 | PLE-C | 3-Me-3~pentanol® 36 25 33 (+)
13 | PLE-C | n-amyl alcohol* 36 38 61 (+)
14 PLE~C 4-Me-2-pentanol 36 45 82 {+)
15 PLE-C 3-Et-3-pentanol 36 48 92 (+)
16 | PLE-C nitromethane | 36 24 - 32 (+)
17 | PLE-C dichloromethane | 36 20 25 (+)
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18 PLE-C toluene 36 18 16 {+)
19 | PLE~C | methyl isocbutyl 36 20 33 (+)
ketone ’
20 | PLE-C | tert-butyl 36 23 29 (+)
acetate
21 PSL n—-amyl alcohol 24 56 92 (=)
22 |any n-amyl alcohol 36 45 63 (+)

a. Reaction conditions: 1g of (+)FTC-butyrate in 10
nl of 50% organic/aqueous mixture was hydrolyzed with
PLE, PSL or ANL at room temperature. b. The optical
purity was based on HPLC analysis. c¢. PLE-C = CLEC™-
PLE, PLE-I = immobilized PLE, PLE-S = Altus PLE
solution 650 units/ml. d. in 6 ml or 83%

organic/aqueous mixture.

Examples 5-7 illustrate some of the problems
with using water miscible alcohols in homogeneous
systems for the process of the present invention. Such
systems produce product with reduced optical purity,
prolong reaction times, and deactivate the enzyme.

Examples 8-13, PLE Catalyzed Conversion of (+) FTC~-
Butyrate in Non-Homogeneous Systems using n-Amyl
Alcohol and Water.

The reaction conditions and procedures were
the same as in Example 1. The non-homogeneous system
comprises 1 ml of Altus PLE solution (650 U/ml) as
catalyst and the volumes of amyl alcohol and phosphate
buffer used are indicated in Table 2 below. Note that
in each case, the selectivity of conversion of the (+)-
isomer was almost absolute, so that the desired
conversion of slightly greater than 50% results in

ulo%
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enantiomeric purities of the unreacted (-) ester of
nearly 100% (See Table 2).

Table 2, Examples 8 through 13

r'.r . —
Example B ] 10 11 12 13
5 Amyl 2 ml 3 ml 4 ml 5 ml 6 ml 7 ml
Alcohol :
Phosphate | 7 ml 6 ml 5 ml 4 ml 3 ml 2 ml
buffer
Reac¢tion % Conversion
.10 time (h) .
' 0 0 0 0 0 0 0
1 28 26 24 21 20 19
3 43,2 42 39 34 33 33
8 49 49 48 45 41 41
15 24 49.8 49.8 49,2 47.5 1 46.7 47,3

Examples 14-30, PLE-Catalyzed Conversion of (+) FTC-
Butyrate in non-homogeneous systems comprising n-amyl
alcohol and water mixtures in the presence of
surfactants.

20 _ Examples 14 through 30 are shown in Table 3.
The reaction conditions and procedures were the same as
in Exampie 1. The non-homogeneous system comprises 1
ml of Altus PLE solution (650 U/ml) as catalyst and 1
ml (Examples 14-21, 23, 24, and 30) or 0.1 g of

25 surfactant (Examples 25-29) were added as surfactant to
the reaction mixtures. The organic component comprised
n-amyl alcohol and the aqueous component comprised 0.3
M phosphate buffer in a 50:50 ratio.

Table 3, Examples 14 through 30
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% Conversion at time (t)

Example Surfactant (t) Hours
0 1 3 7 24
14 Tween 20 0 18 34 45 50
15 Prionex 0 17 30 42 49
| 16 Teepol HB7 0 9 15 | 21 | 26
17 Tergitol TMN~-6 0 14 32 44 48
18 Tergitol 15-S-3 0 17 29 40 47
19 Igepal CA-630 0 19 35 45 49
20 Tyloxapol 0 18 35 46 50
21 Tergitol TMN-10 | 0 17 30 42 48

Table 3 continued

e
% Conversion at time (t)
Example Surfactant (t) Hours
0 1 3 20
22 No Surfactant 0 21 34 47.5
23 Aerosol 22 0 7 7 8
24 Tergitol NP-4 0 18 34 49.5
25 Glucode- 0 14 25 44
oxycholic acid
26 Octyl B-gluco- 0 15 30 47
pyranoside
27 CHAPS 0 14 21 39
28 Dioctyl Sulfo- 0 17 32 49,5
succinate Na+
" salt
29 Deoxy-cholic 0 13 23 43.4
n acid Na+ salt
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The broad screening of surfactants, as shown
in Table 3, reveals that some are activating (see
Examples 14, 15, 19, 20, 24, 28, and 30) and some are
inhibitory (see 16, 23, 27 and 29). Fifteen

5 surfactants were chosen for further analysis. The
surfactants Tergitol NP-4, Tween 80, Tyloxapol and
dioctyl sulfosuccinate sodium all enhanced the PLE
activity to roughly the same extent. The enhancement
in rate is most apparent at the end of the reaction and

10 may be due to stabilization of the enzyme and
prevention of precipitation as well as an effect on
catalytic efficiency.

Example 31-34, PLE Catalyzed Conversion of (+) FTC-
Butyrate in Bi—phaslc n-Amyl Aloohol/Water mixtures in
15 the presence of Tween-80.
Examples 31 through 34 are shown in Table 4.
The reaction conditions and procedures were the same as
in Example 1. The non-homogeneous system comprises
_ Tween 80 as surfactant, 0.6 ml Altus PLE solutlion (650
20 U/ml) as the catalyst and the volume of amyl alcohol
and 0.3 M phosphate buffer used are indicated in the
table below.
Table 4, Examples 31 through 34

[ R z — DT ————
" Exanple 31 32 33 34
25 Amyl 4 ml 4.5 ml 4.75 ml 4,9 ml
Alcohol
Tween—-80 1ml 0.5 m} 0.25 ml 0.1 ml
Fhosphate 5 ml 5 ml 5 ml 5 ml
buffer 0.3M
30 Reaation 1 1 1 1
time (h)
& 10 8 6 . 5
Convexsion
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Examples 35, Complimentary reductions in both enzyme
and organic solvent requirements
The reaction conditions and procedures were
the same as in Example 1. The non-homogeneous system
5 comprised 0.5 ml of Tween 80 as surfactant, 0.3 ml of
Altus PLE solution (650 U/ml) as catalyst, and 2.0 ml
of amyl alcohol and 7.5 ml of 0.3 M phosphate buffer
were the solvents. The non-homogeneous system
comprised 25% organic component and 75% aqueous
10 component. After 48 hours, the extent of conversion
was 50% and the optical purity of the remaining ester
was 99.3%.
In this example, the amount of both enzyme
and organic solvent were reduced by approximately half
15 from the level used in Examples 31-34, with no loss of
product yleld. Furthermore, the enzyme requirement was
only 25% of that required in Example 1.

Examples 36-39, Dioctyl sulfosuccinate (Dioctyl S8) as
surfactant.

20 Examples 36 through 39 are shown in Table 5.
The reaction conditions and procedures were the same as
in Example 1. The non-homogeneous system comprised
dioctyl sulfosuccinate (Dioctyl SS) as surfactant and
0.4 ml of Altus PLE enzyme solution (650 U/ml) in 8 ml

25 of 0.3 M phosphate buffer and 2 ml of amyl alcohol.
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10 Example 40

The reaction conditions and procedures were
the same as in Example 1. The catalyst comprised 714
total units of porcine liver esterase (Sigma, st.
Louis, MO). The non-homogeneous system comprised 50%
15 n-amyl alcohol as organic component and 50% 0.3 M
‘phosphate buffer at pH 7.4 as aqueous component. After
24 hours, the extent of conversion was 50% and the
optical purity of the remaining ester was 97.5%.

Example 41, Rate enhancement with low enzyme loadings
20 and anionic surfactant
In addition to the use of Tween-80, the
anionic surfactant dioctyl sulfosuccinate sodium salt,
was chosen to achieve rate enhancement. As shown in
Table 6, a 1% loading of this surfactant in the non-
25 homogeneous system was sufficient for significant rate
enhancement.
Reaction conditions included: 1 g FTC
butyrate, 0.4% PLE loading, organic solvent 1-pentanol,
2:8 solvent ratio, reaction carried out at 30 °C (Table
30 6).
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% Conversion with
(x mg)B8urfactant
Time mg surfactant

(h) [10 mg|25 mg [100 mg 200 1
0 0 Y 0 0
5 1 5 5.5 9 9
3 20 22 25 23
5.5 27 32 34 30
21 49__ 47 48 45

Example 42, Surfactant effect on enzyme loading and
| 10 organic solvent concentration
A preferred embodiment of this invention
includes an enzyme loading of 0.3 to 0.4 % relative to
FTC butyrate with a 10% substrate loading. A number of
reactions were performed on slightly larger scale to
15 more accurately determine the run to run variation and
the effect of conversion on optical purity. The
results are shown in Table 7 below.

Table 7, 5 g Scale Reactions at Low Enzyme Loadings (28
°C, 45% l-pentanol, 5% Tween-80, 50% aqueous)

20 HPLE (%) | Twaen-80 (%) |[Time (h) JOptical Purity

-

(% e.0.)

|

0.6 2.5 26 95,32

0.6 5 24 98.34

0.4 5 24 96.20 _

0.4 5 12 >99.0 N
25 As shown in Table 8, reactions performed at a

lower organic/aqueocus ratio and with a 0.3% enzyme
loading gave high optical purity in less than 48 hours.

Table 8. 1 g Scale Reaction at Low Enzyme Loadings,
(28 °C in 20% l-pentanocl/5% Tween-80, 75% aquaous)
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— e
PLE Time e.e.
(%) (h) (%)
0.4 % 25 99,20
0.3 % 25 95.88
5 0.3 % 31 97.68
0.3 & éﬂi 99.32

While we have hereinbefore described a number
of embodiments of this invention, it is apparent that
our basic constructions can be altered to provide other

10 embodiments which utilize the processes and
compositions of this invention. Therefore, it will be
appreciated that the scope of this invention is to be
defined by the claims appended hereto rather than by
the specific embodiments which have been presented

15 hereinbefore by way of example.
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CLAIMS
We Claim:
1. A process for producing a chiral, non-

racemic ester of Formula I using a hydrolase enzyme
5 wherein said hydrolase is not a lipase:

N+

- UA
A

Formula I
Wherein:
R 15 C)~Cy alkyl, C;~Cs alkenyl, ox C,=Cg
alkynyl:
10 X=H, or F;
. ' Y = CH,, O, 8, Se, or NH:
sald process comprising the steps of:
(a) dispersing an enaatiomeric mixture of an
ester of Formula I at a concentration of between about

15 1 and about 25% (weight/volume of the non-honogeneous
systeﬁ), in an organic solvent system TO produce an
orgenlc component:

(b) providing an gquecus solvent system to
produce an aqueous component;

20 (c) disperzing said hydrolase enzyme in
either said organic componert, said agqueous component
or both; and

(d) contacting said organic component and
sald aqueous component to form a non-homogeneous
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producing a chiral non-racemic ester of Formulz I and a
non-racemic slcohol of Formula II;

NHa

Y

Pe
N (o]
,) o Oﬂ '
. e
_\4\(

5 Formula I
wherein:
X =H, or F;
Y = CHy, O, 8, $Se, or NH.

2. The process sccording to claim 1,
10 wherein the ester of Formula I is

2~-butyryloxymethyl-5~(5-flucrocytosin-
l1-yl)-1,3-oxathiolane.

3. The process according to claam 1,
wherein the ester of Formula I 1is
15 2-buryryloxymethyl-5-(5-fluorocytrosin-
l-yl)-1,3-oxathiolane and whereiny
a) said dbrganic component comprises between
about 5 and about 90% of said non~homogeneous system;
b) s=aid non-homogeneous aysten comprises
20 between about 1 and about 208 of surfactant; and
¢) seaid surfacrant coacentration is
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4. The process according TO any one of
claims 1, 2 or 3, wherein said hydrolase enzyme 15
5 selected from the group consisting of porcine liver
esterase and subt;lléln.

3. The process according to claim 4,
wherein said hydrolase enzyme is a crosslinked enzyme
- crystal.

N

10 6. The process according to claim 5,
wherein sgid crosslinked eniyme crystal is erosslinked
with glurtaraldehyde.

7. . The process according to claim 4,
wherein said hydrolase enzyme 1s an immobilized enzyme.

15 8. The process according to claim 4,
wherein said hydrolase enzyme 1s a soluble enzyme.

9. The process zccording to claim 4,
wherein said hydrolase enzyme is porcine liver
esterase,

20 10. The process according to any one of

claims 1, 2 or 3, wherein said chiral non-racemic ester
18 1solated from said organic component.,

11. The process according to any one of
claims 1, 2 or 3, wherein said chiral non-recemic
25 &alcohol is isolated from said aqueous component,
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18, The process according to claim 18,
wherein said surfactant is selected from the group
5 consisting of glucose-oxycholic acid, octyl
B—gluco—pyranos;de,'dioctyl sulfosuccinate, deoxycholic
acld, and glcochol ethoxylate.

20. The process according to c¢laim 19,
wherean saird surfactant 15 dioctyl sulfosuccinate.

10 21. The process according to claim 3,
wherein said surfactant 1s added to said organic
component.

22. The process according to claim 3,
wherein said surfactant is added to sald aqueous
15 component.

23. The process according to claim 3,
wherein said surfactant is added to said non-
homogeneous system.

24. The process according to claim 3,
20 wherein said surfactant 1s formulated with said
hydrolase enzyme,

25, The process according to any one of
claims 1, 2 or 3, wherein said aqueous solvent system
comprises water and excipients selected from the group

25 consisting of buffering salts, alkalizing agents,
anti-microblal preservatives, stabilizers, filtering
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| € enantioselecrtive conversion of one enantiomeric

form of said enantiomeric mixture to the corresponding

alcohol comprise a temperature of batween about §°

C an
aboutr 45°C, :

39. The process according to claim 16,
wherein said organic compenent comprises one or more

solvents selected from the group comsisting of C,-C,
alcohols.



